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con fines comerciales, y hemos incluido restricciones técnicas sobre las solicitudes automatizadas. 


Asimismo, le pedimos que: 


+ Haga un uso exclusivamente no comercial de estos archivos Hemos diseñado la Búsqueda de libros de Google para el uso de particulares; 
como tal, le pedimos que utilice estos archivos con fines personales, y no comerciales. 


+ No envíe solicitudes automatizadas Por favor, no envíe solicitudes automatizadas de ningün tipo al sistema de Google. Si está llevando a 
cabo una investigación sobre traducción automática, reconocimiento óptico de caracteres u otros campos para los que resulte util disfrutar 
de acceso a una gran cantidad de texto, por favor, envíenos un mensaje. Fomentamos el uso de materiales de dominio püblico con estos 
propósitos y seguro que podremos ayudarle. 


+ Conserve la atribución La filigrana de Google que verá en todos los archivos es fundamental para informar a los usuarios sobre este proyecto 
y ayudarles a encontrar materiales adicionales en la Büsqueda de libros de Google. Por favor, no la elimine. 


+ Manténgase siempre dentro de la legalidad Sea cual sea el uso que haga de estos materiales, recuerde que es responsable de asegurarse de 
que todo lo que hace es legal. No dé por sentado que, por el hecho de que una obra se considere de dominio püblico para los usuarios de 
los Estados Unidos, lo será también para los usuarios de otros países. La legislación sobre derechos de autor varía de un país a otro, y no 
podemos facilitar información sobre si está permitido un uso específico de algün libro. Por favor, no suponga que la aparición de un libro en 
nuestro programa significa que se puede utilizar de igual manera en todo el mundo. La responsabilidad ante la infracción de los derechos de 
autor puede ser muy grave. 


Acerca de la Busqueda de libros de Google 


El objetivo de Google consiste en organizar información procedente de todo el mundo y hacerla accesible у útil de forma universal. El programa de 
Büsqueda de libros de Google ayuda a los lectores a descubrir los libros de todo el mundo a la vez que ayuda a autores y editores a llegar a nuevas 


audiencias. Podrá realizar búsquedas en el texto completo de este libro en la web, en la página|ht tp: //books.google.com 


This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 
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INSTITUTE ACTIVITIES 
NEW YORK MEETING, DECEMBER 1. 


At the December meeting of the Institute, held in the 
Engineering Societies Building, two papers were presented: 
ое by Sylvan Harris, entitled “Notes on the Design of 
Resistance-Capacity Coupled Amplifiers,” and one by M. 
Baumler entitled “Simultaneous Atmospheric Disturbances 
in Radio Telegraphy.” The latter paper was read by Mr. 
D. К. Martin, and Mr. Harris’ paper was read by Mr. D. E. 
Harnett. There was a very thorough discussion of the 
papers ; participated in by Dr. J. Н. Dellinger, C. M. Jansky, 
Jr, Roy A. Weagant, В. Н. Marriott, Arthur Lynch and 
others. About two hundred members attended the meeting. 


DECEMBER MEETING ОЕ BOARD OF DIRECTION 


At the meeting of the Board of Direction, held at Insti- 
tute headquarters on December 1, the following were pres- 
ent: Donald McNicol, president; Dr. J. H. Dellinger, past 
president; W. F. Hubley, treasurer, and the following Man- 
agers: L. A. Hazeltine, Melville Eastham, J. V. L. Hogan, 
A. H. Grebe, R. Н. Marriott and L. E. Whittemore. 

The following were transferred to Member grade: Bald- 
win Guild, A. V. Simpson, L. E. Taufenbach, R. B. Stewart, 
H. W. Holcombe, D. K. Martin, George Uzmann and K. S. 
Johnson. Direct elections to Member grade: E. G. Widell 
and R. W. Seabury. 

Fifty-seven associate members and seven junior mem- 
bers were elected. 

Report was made of the establishment of a Section of 
the Institute at Hartford, Conn. 


MEMBERSHIP CARDS FOR 1927 
The Card of Membership issued to Associates was first 
distributed to all Associates in the year 1926. The new cards 
for 1927 are ready and are being sent to all Associate mem- 
bers upon receipt of dues for the coming year. The new 
cards are of an attractive orange color. 


SECTIONS COMMITTEE 


T he Sections Committee, D. H. Gage Chairman, held a 
meeting at the chairman's office 253 Broadway, New York 
on the afternoon of November 23rd. The committee has done 
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good work in connection with Section development and has 
plans under way looking to the establishment of additional 
Sections in territories where there is a large enough num- 
ber of members of the Institute, or where such member- 
ship could be built up. 


News of the Sections 


SEATTLE SECTION 


The Seattle Section held a meeting on November 6th 
in the Club Room, Telephone Building, Seattle, Washington. 
The meeting was addressed by Mr. Walter A. Kleist on the 
subject of "Picture Transmission as Employed by The Bell 
System.” The paper was illustrated by lantern slides and 
was discussed by various members present including Mr. 
Libby, Roy Batch and C. E. Williams. Twenty-five members 
attended the meeting. 

A meeting of the Section was held on December 4th at 
which Mr. Albert Kalin gave a talk on the subject of 
“Transformer Leakage.” 


ROCHESTER SECTION 


The Rochester Section held a meeting on the evening of 
November 19th. A paper was presented by Mr. H. A. Whee- 
ler, of John Hopkins University оп the subject 'Applica- 
tions of Thermionic Amplifiers". Fifty members were in 
attendance. 

The Section held a meeting on the evening of November 
30th at which Mr. W. A. McDonald, of the Hazeltine Cor- 
poration read a paper on the subject "Importance of Lab- 
oratory Measurements in Design of Radio Receivers." 


LOS ANGELES SECTION 


The Los Angeles Section held a meeting in the auditor- 
ium of the Y. M. C. A. of Los Angeles on the evening of 
September 20th. Mr. H. Pratt gave an interesting talk on 
the subject “The Problems of The Radio Engineer." Thirty- 
five members attended the meeting. 

A meeting of the Section was held in the Commercial 
Club Rooms on the evening of November 22nd. À paper was 
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presented by J. J. Jakosky on the subject “Phonographs 
Adapted to Radio Amplifiers" and a paper by Н. M. Tremain 
оп the subject “The New Electric Phonograph.” 

The meeting was preceded by a dinner. Thirty-five were 
in attendance. 


PHILADELPHIA SECTION 


The Philadelphia Section held a meeting on the evening 
of November 19th at which a paper was presented by Dr. 
D. Galen McCaa on the subject “Development of an Anti- 
Static Device”. Thirty-five members attended the meeting. 
The next meeting of the Section will be held in the latter 
part of January, 1927. 


CANADIAN SECTION 


The Canadian Section held a meeting on the evening of 
November 24th in the Electrical Building of the University 
of Toronto. Professor A. M. Patience presented the paper 
“Output Characteristics of Amplifier Tubes” by Warner 
and Loughren. Twenty-one members attended the meet- 
ing. 

The Section held a meeting on the evening of December 
8th, at which Professor E. F. Burton of the University of 
Toronto presented a paper on the subject of “Physical Char- 
acteristics of the Human Voice.” 


WASHINGTON SECTION 


The Washington Section held a meeting on the evening 
of November 10th in the Conference Room, Department of 
Commerce. A talk was given by Dr. A. H. Taylor on the 
subject “Recent High Frequency Progress’. There were 
seventy-five members in attendance. 

A meeting was held on the evening of December 8th in 
the rooms of Harvey’s Restaurant of Washington. A paper 
was prepared by Dr. J. H. Dellinger on the subject “Effect 
of Fading on Broadcasting" was delivered by Dr. C. B. 
Jolliffe. There were forty members in attendance. The 
technical meetings of the Section are preceded by dinner at 
Harvey’s Restaurant. | 


$ Institute Affairs 
CONNECTICUT VALLEY SECTION 

The Connecticut Valley Section held a meeting on the 
evening of December 3rd in the auditorium of the Hartford 
Electric Light Company. A paper was presented by Mr. 
Allen D. Cardwell on the subject of “The Engineering De- 
sign of High Voltage Variable Condensers.” In addition 
there were motion picture exhibitions of interest to com- 
munication engineers. 


ERRATA 


The following corrections should be noted in the paper 
by Levin and Young in the Proceedings for October, 1926. 

Page 681, 10th line from top, i should be I. 

Page 683, equation 17, X should be ,: 13th line from 
top, «=B, should be a=By: “Tth line from bottom, trans- 
mission should be transformation; 6th line from bottom 
(а—1) should be (Z—1). 


Page 686 top line i should be Z: 2nd line, у should be 
21 
СЕ f bott d ld b a 
op ` 9rd line from bottom, 7 should be о 
Page 688, last term of first equation should read 
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PIEZO-ELECTRIC CRYSTAL-CONTROLLED 
TRANSMITTERS* 


BY 
A. CROSSLEY 


(Naval Research Laboratory) 


INTRODUCTION 


The importance of producing vacuum tube transmitters 
which generate a constant frequency has never been ser- 
iously considered until recently, when the advent of broad- 
casting stations and the increasing number of ship and 
shore radio stations has demanded that such transmitters be 
made available. 

The Naval Radio Service has been faced with this prob- 
lem for a number of years particularly in the operation of 
the United States Fleet. Such a fleet generally consists 
of a group of vessels, numbering from 150 to 200 ships, 
Which move as one unit and, for the greater part, their 
movements are controlled by radio. These vessels have one 
or more transmitters on board and are required to be in 
constant touch with each other and also with a group of 
shore stations. When we consider such a large number of 
Stations, as represented by this Naval force it is very easy 
to imagine the confusion that will result if no means are 
employed to maintain a constant frequency for each station's 
transmitter. 

Various means have been employed to hold constant the 
frequency of transmitters, but no absolutely satisfactory 
means has been devised which will maintain a constant fre- 
quency in vacuum tube transmitters which employ self oscil- 
lating circuits. This statement has special reference to 
transmitters which are required to operate over a band of 
frequencies and are dependent for plate and supply filament 
Power on the usual ship's dynamo or shore stations Power 
Sources, 


= 
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When we consider that the beat note of a continuous 
wave transmitter has to remain within a certain tolerance, 
say 350 cycles, it can be realized that the constant frequency 
condition becomes harder to meet as the frequency of the 
transmitter is increased. This can be readily seen when we 
consider that the frequency of a 4000-kc. transmitter can- 
not be changed more than 1,/100 of one per cent before it 
has exceeded the specified frequency tolerance. 

Realizing, after years of experimentation, that we could 
not meet the demands made on us by the Fleet with vacuum 
tube circuits employing the self-oscillating principle it was 
necessary to turn to some other means for meeting this 
demand. One means which has proved successful is the 
piezo-electric crystal-controlled transmitter. Such a trans- 
mitter has been found to meet all our requirements if suit- 
able means are provided to keep the temperature of the 
crystal constant. 

In order to cover development work undertaken at the 
Naval Research Laboratory the following paper is pre- 
sented together with a resume of the art as observed. 


THE PIEZO-ELECTRICAL CRYSTAL 


There are a number of crystalline substances such as 
quartz, tourmaline and Rochelle salts which have excellent 
piezo-electric and pyro-electric properties. All these are 
from an optical standpoint doubly refracting and possess 
asymmetric atomic structure. Bragg and Gibbs’ show that 
alpha quartz which is piezo-electrically active has an unsy- 
metrical hexagonal atomic structure, while beta quartz 
which has no piezo-electric properties is of a regular hex- 
agonal ‘atomic structure. 

It is only natural to assume that any crystalline body 
which has double refracting properties and whose atomic 
structure is unsymetrical should be piezo-electrically active. 
Е. Pockels’ states that 20 out of 32 crystalline substances 
show some piezo-electric properties. 

Considering the three commonly known piezo-electric 
crystals, i. e., quartz, tourmaline and Rochelle salts, we find 
that quartz is to be preferred. Rochelle salts although it 
has ten times the piezo-electric properties of quartz is not 
reliable. It is fragile, extremely hard to manufacture and 


"Bragg & Gibbs—Proc. Royal Society, Vol. 109—1926. 
*N'inkelmanns Handbuch der Physik No. 2. 
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its physical dimensions can be easily changed by handling, 
especially when subjected to contact with water. It also will 
not stand any electrical load; for instance, if used as a 
resonator in connection with the output of an oscillator of 
afew watts capacity it will break down. This breakdown 
will either be in the form of a series of mosaic cracks 
throughout the crystal or it will consist of a melting process 
wherein the crystal suddenly flattens out and assumes an 
isotropic state. If the power is increased the salts will re- 
turn to a liquid state. 

Repeated attempts have been made to make Rochelle 
salt crystals function as well as quartz, for controlling the 
frequency of a vacuum tube transmitter, but no success has 
been obtained in this endeavor. The Rochelle salt crystal is 
not mechanically strong enough to withstand the vigorous 
vibration which is met with in the quartz crystal when 
controlling the frequency of a vacuum tube transmitter. It 
is also possible that the hysteresis losses in the Rochelle salt 
crystal are such that they tend to damp out any properties 
of the crystal for generating a return piezo-electric voltage 
required for maintaining a vacuum tube circuit in an oscil- 
lating condition. 

There is no literature available which shows the appli- 
cation of Rochelle salt crystals as a means for controlling the 
frequency of а vacuum tube circuit. 


Tourmaline is too expensive to be considered as а com- 
mercial product and therefore resort has to be made to the 
use of quartz. 

Quartz can be obtained in reasonable quantities in 
Brazil, Madagascar, Japan and the United States. Any 
quartz which has no flaws, intergrowths or optical twinning 
can be so manufactured that it has excellent piezo-electrical 
oscillating properties. By this we mean that such a crystal 
can be used to control the output of a vacuum tube oscillat- 
ing circuit at one definite frequency and with maximum 
output. 

Quartz will retain its physical dimensions if kept at a 
definite temperature. It will also stand considerable abuse, 
which accompanies its use in oscillation test circuits, where 
the crystal is heated momentarily to temperatures in excess 
of 45 deg. cent. and is subjected to frequent washing. Ex- 
perience has demonstrated that crystals will hold the orig- 
inal oscillation frequency for periods in excess of ten 
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months, when operated continuously in a high-frequency 
transmitter system. Other exacting tests have proved that 
quartz is the only material known which is satisfactory for 
use in crystal-controlled vacuum tube circuits. 

The quartz crystal is hexagonal in shape and when in 
‘its true form has an apex at each end. The methods of 
mining and also the process of growing are such that the 
two apexes are rarely found on crystals which are purchas- 
ed from the importers. In the majority of cases it is rare 
to obtain crystals having sides and one apex which are not 
chipped or cracked due to rough handling or poor mining 
methods. 


2 


Figure 1 


The usual crystal when received is similar in shape to 
that shown in Fig. 1. In this crystal the optical axis is 
parallel to an imaginary line Z which is drawn between 
two apexes. The electrical axes are of two types, one which 
is parallel to a line X drawn between the corners of the 
hexagonal sides and the other which is parallel to the line 
Y which is drawn between the opposite flat faces of the 
hexagonal sides. From this we note that there are three X 
electrical axes and three Y electrical axes and one optical 
axis. The optical axis is always at right angles or perpen- 
dicular to any of the electrical axes. 
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Now cut a slab of quartz from the crystal as shown in 
Fig. 2 making this cut at right angles to the optical axis Z. 
Then in order to obtain a workable crystal we cut a slice 
from this slab as shown in Fig. 3. This slice is so cut from 


Figure 2 


the slab that the slicing produces a crystal which sides are 
parallel to one of the Y electrical axes and at right angles 
to one of the X electrical axes. We now have а crystal whose 
thickness represents an X axis, whose length a Y axis and 
the depth a U or optical axis. 


- — =- — -n/n 
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Figure 3 


Methods of manufacturing the crystal from this point on 
to the perfect oscillating condition is being made the subject 
of another paper. 

Having completed the cutting of the crystal which we 
will term the “Currie 3" or “zero angle cut" we find that 
there are three frequencies to which the crystal will reson- 
ate. One frequency corresponds to the X dimension, one to 
the Y dimension and the other to a frequency which is be- 
tween X and Y axis frequency and is termed the coupling 
frequency. This coupling frequency depends on the dimen- 
sions of the X and Y axes. In round crystals as shown by 
Hund ‘the X dimension will produce 104.6 meters per mm., 


‘4, Hund. Proc. I. R. E. August 1926. 
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the Y dimension 110.5 meters per mm. and the coupling 
frequency is equal to 0.71 of the Y dimension wave length. 
In rectangular crystals the meters per mm. for the X dimen- 
sion varies from 103.5 to 105.0 while for the Y dimension 
it varies from 110 to 117 meters per mm. The meters per 
mm. obtained for the coupling frequency cannot be stated 
because it depends on the dimensions of the rectangular 
form which may be square or any shape which the require- 
ments demand. These figures are based on the true Curie 
cut and on crystals whose Y dimension is between 20 and 
28 mm. If any cut is made which is at an angle from the 
Curie cut the meters per mm. will be greater, especially for 
the X dimension oscillation. 


Rectangular crystals are to be preferred to round crystals, 
first because they are cheaper to make and second because 
they will control a greater radio frequency output without 
cracking or chipping. The latter condition is probably ex- 
plained by the uneven stress conditions present in round 
crystals when they are oscjllating under influence of radio 
frequency currents. 


HISTORY 


P. and J. Curie' first investigated quantitatively the 
piezo-electric properties of quartz and derived equations 
showing the relation between the applied pressure and the 
piezo-electric charge on the faces of the crystal. They also 
showed the converse effect where an electric charge on the 
crystal would produce a change in crystal dimensions. 


Since this disclosure, various uses have been made of 
piezo-electric crystals, namely, as pressure gauges, loud 
speakers' and sound transmitters for underwater signalling*. 


Cady’ first discovered that quartz could be employed as 
resonators and as such to be used as standards for precision 
frequency determinations. Cady later discovered that crys- 
tals could be used to hold the frequency of self-oscillating 
circuits constant and also that crystals could be made to 
control the frequency of a vacuum tube circuit. It is this 
feature of crystal control that we are most interested in 
and in order to present this subject we will consider each 
step made by various investigators in producing vacuum 


зр & J. Curie, Journal Physique, 2 series, Vol. 8. 1889—р. 149. 
A Mc.L. Nicholson patent U. S. 1,495,429—May 1924. 

‘Paul Langevin British patent 145,691—July, 1921. 

'Cady patent U. S. 1,450,216 Apr. 1933. 
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tube circuits which would be capable of obtaining maximum 
radio frequency output from a quartz crystal. 

Cady’s work may be summarized by reference to Figs. 4, 
9, and 6. The circuit shown in Fig. 4 is essentially a self 
oscillating vacuum tube circuit with a crystal placed across 


Шү 
Figure 4 


the grid tuning condenser. When the circuit is adjusted to 
the resonant frequency of the crystal there is a tendency 
In the crystal to keep the frequency of the circuit equal to 
that of the crystal. If the plate voltage, filament voltage 
and load remain the same, the crystal will hold constant 
the frequency of the circuit, but if one or more of the above 
conditions are changed the circuit will oscillate at any fre- 
quency which the circuit conditions permit. 


P ao a i a kA 


Figure 5 


Fig. 5 is an elaboration of Fig. 4 and is employed to 
obtain a greater piezo-electric voltage for controlling the 
frequency of the circuit. The greater piezo-electric voltage 
is obtained by the use of the plate feed back principle repre- 
sented by the extra set of plates on the crystal. The opera- 
tion of this circuit is limited by the same conditions which 
are cited for the circuit shown in Fig. 4. 

lt has been our experience that any method which de- 
pends on any self-oscillating conditions in a vacuum tube 
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circuit in addition to piezo-electric control is dangerous for 
two reasons: 1. e., first, because of the danger of frequency 
shifting and second it is very easy to crack or chip crystals 
in such circuits. This latter case is exaggerated when we 
tie in the crystal oscillating circuit with an unbalanced am- 
plifying system where the radio frequency current feed- 
back from the amplifying circuit is sufficient to supply 
enough additional current through the crystal to cause it 
to heat up and crack. 


Figure 6 


Алу 


Fig. 6 is the first circuit known to the art wherein the 
crystal with the associated amplifying circuits comprise a 
system in which the crystal is the only control for the gen- 
erator frequency. In this circuit the initial piezo-electric 
charge on the grid is amplified through three stages of 
resistance-coupled amplification, and by the means of a 
third contact plate on the crystal this amplified charge is 
applied to the crystal in the right phase relationship to rein- 
force the initial charge and by this process assist the cir- 
cuit in generating radio frequency currents. 
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Figure 7 


Pierce' later developed a circuit shown in Fig. 7 which 
is capable of generating by the use of crystal control a 


*Pierce Journ. AMN. Academy of Arts and Sciences, Oct. 1923. 
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source of constant frequency. In this figure the crystal is 
placed between grid and plate of a vacuum tube and a re- 
sistance load is inserted in the plate circuit. A grid leak is 
employed to hold the grid at a certain voltage with respect 
to the filament. | | 
Fig. 8 is a modification of Fig. 7, wherein an induc- 
tance is substituted for the plate resistance. Both of the 
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Figure 8 


Pierce circuits function in the same manner as the old De 
Forest Ultraudion circuit. In the Ultraudion circuit, a tuned 
circuit is interposed between grid and plate as shown in 
Fig. 9 and a choke coil was employed as a load in the plate 
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Figure 9 


circuit. This choke coil was so constructed that it acted as 
a Capacitive load for all frequencies to which the tuned cir- 
cult Was resonant. 

| In the Pierce circuits the crystal functions as a tuned 
circuit having a preponderance of inductance while the 
plate load for the condition of oscillation has to be capaci- 
tive. To accomplish this end, Pierce uses a very large in- 
ductance coil in the plate circuit. The true inductance and 
the distributed capacity of the coil system used in this cir- 
cuit has to be such that it will resonate to a lower frequency 
than that of the crystal before the circuit will oscillate. In 
the case where resistance is used, as in the plate circuit of 
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Fig. 7, it is the distributed capacity of the resistance to- 
gether with plate-filament capacity that affords the capaci- 
tive reactance required for the oscillation condition. 

If the proper precautions are observed with the Pierce 
circuit with respect to the capacitive plate load condition, 
any crystal can be made to trigger off this circuit into the 
oscillating condition. In view of the fact that a grid leak is 
employed and the plate load is a resistance or a large induc- 
tance it is not possible to obtain the rated power output from 
a given tube with this circuit. This statement is based on 
the fact that the FR losses in the resistance and inductance 
are considerable and the grid leak method of biasing is in- 
efficient for reasons which will be explained later in this 
paper. There is another objection to the Pierce circuit and 
that is the broad impedance curve of the plate circuit, which 
permits the generation of a number of oscillations at one 
time should the crystal be so constructed that there are two 
possible oscillations, for the X dimension or the Y dimension 
frequency may be very close to the coupling frequency with 
the result that both frequencies will be heard. 


PIEZO-ELECTRIC CRYSTAL RESEARCH WORK AT THE NAVAL 
RESEARCH LABORATORY 


Realizing the limitations of piezo-electric crystal cir- 
cuits then known to the art, further development work was 
carried on at the Naval Research Laboratory to determine 
whether piezo-electric crystals could be employed to control 
any system which could permit a reasonable radio frequency 
output. 

J. M. Miller formerly of this Laboratory developed the 
circuit shown in Fig. 10. This circuit is similar to Pierce’s 
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Figure 10 


circuit with the exception that Miller employed a tuned 
plate circuit and a variable tap on the inductance. The tuned 
circuit permitted tuning to any desired frequency, thus ex- 
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cluding undesired frequency oscillations. The variable plate 
tap permitted matching of tube impedance to circuit im- 
pedance whereby maximum power transfer was possible. 
Low loss inductance and condensers were employed thus 
reducing PR. losses in the tuned circuit to a minimum 

Miller also developed the circuit shown in Fig. 11, which 
circuit is the fundamental Navy circuit. In this circuit the 
crystal is placed between grid and filament instead of be- 


DUI 
Figure 11 


tween grid and plate as in Fig. 10. With this circuit the 
load for the plate circuit should be inductive in order that 
à condition for oscillation be obtained. The action of this 
circuit with reference to the oscillating condition is similar 
to the well known Hartley self-oscillating circuit. This may 
be better understood by stating that the crystal, being 
equivalent to an inductance, is similar to the grid coil of the 
Hartley circuit, while the inductive load in the plate circuit 
of the crystal oscillator is identical to the pos coil of the 
Hartley system. 

Miller demonstrated that he could make both circuits 
oscillate with crystals of different frequency ratings. Pre- 
ference was given to the use of the circuit shown in Fig. 
11 because in such a circuit there is no tendency for short- 
dreuiting the high-voltage plate circuit should the crystal 
crack or slide out from between the contact plates thus caus- 
ing the plates to come in contact with each other. Experi- 
ments with high-frequency crystals show that good output is 
obtained with high as well as low-frequency crystals when 
employed in the circuit shown in Fig. 11. 


The problem of obtaining greater output from the crys- 
tal oscillating circuit and the amplification of this output on 
low frequencies was assigned to А. Crossley. The Miller 
circuit Fig. 11 was used as a foundation and efforts were 
made to increase its radio frequency output. 
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A study of this circuit showed that the crystal-controll- 
ing voltage was reduced materially by the fact that a grid 
leak was shunted across it. This grid leak provided a shunt 
path for the radio frequency piezo-electric control voltage 
and at the same time carried the rectified grid current re- 
quired for obtaining the negative voltage for biasing the 
grid. Miller suggested the use of a choke coil in series with 
the grid leak to eliminate that part of the radio frequency 
voltage loss that is due to the direct flow of current through 
the grid leak resistance. This materially increased the out- 
put of the crystal oscillating system. 

Crossley eliminated the second load on the crystal by 
substituting a battery for the grid leak, connecting the nega- 
tive terminal of the battery to the low radio frequency po- 
tential side of the choke coil shown in Fig. 12. 


Figure 12 


The object of the use of the battery was to keep the 
swing of the crystal-controlling voltage over on the nega- 
tive side of the grid voltage-plate current characteristic 
curve, thus eliminating the load in the grid-filament path 
which is obtained when the grid swings positive past the 
zero grid voltage point on this curve. The act of swinging 
over the positive side of grid voltage-plate current charac- 
teristic curve causes a current flow between grid and fila- 
ment which represents an I'R loss. Any method for elimin- 
ating this grid current flow or rendering it of negligible 
value will also permit the crystal controlling voltage to be 
kept at a maximum and therefore permit a maximum out- 
put to be obtained from the circuit. 

In actual practice, there is a small amount of grid cur- 
rent flowing, but the grid voltage swing is for the greater 
part over on the negative side of the grid voltage plate- 
current characteristic curve. This grid current flow is due 
principally to the fact that the grid battery employed does 
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hot block the plate current to zero, because a small amount 
of plate current is necessary before the crystal circuit will 
start oscillating. 

The use of the battery increased the output of the cir- 
cult tremendously. Using a 600-kc. crystal it was possible 
to obtain one watt output with the original circuit employing 
the grid leak while with the choke and battery an output of 
21 watts was obtained. The tube used in this experiment 
was ће U У 210 type rated at 714 watt allowable plate 
dissipation. The efficiency of this circuit was 65 per cent 
figuring plate input watts against radio frequency output. 
The plate voltage for this test was 650 volts, while the grid 
battery was 80 volts. 

Further experiments with 50-watt tubes and also special 
tubes, have shown that as high as 100 watts output can be 
obtained when employing high-frequency crystals in the 
3000 to 4000-ke. band. It is not possible to obtain such 
outputs when employing higher or lower frequency crystals. 
With the lower frequency crystals the feed-back afforded 
by the grid-plate capacity is proportional to the frequency, 
While the capacity between crystal plates is reduced as the 
frequency of the crystal is decreased. In other words the 
charge on the crystal is reduced as the frequency of the 
(ystal is decreased and correspondingly the piezo-electric 
controlling voltage from the crystal is likewise reduced. To 
make up for the reduced charge on the crystal it is custo- 
Mary when using lower frequency crystals to increase the 
plate and grid battery voltage. 

There is, however, as stated before, a certain high fre- 
quency where maximum output is obtainable and on either 
Side of this frequency there is slow decrease in output. 
Around 3500 ke. is approximately the peak output frequency 
point, while at 12,000 and at 100 kc. are the frequencies 
Where minimum output is obtained. These output ratings, 
are based on safe crystal current-carrying ratings, which 
Was first shown by A. Hoyt Taylor. Taylor shows that for 
the different frequency crystals there is a safe working cur- 
rent at which the crystal can be operated and if this point 
is exceeded the crystal will heat up and crack. 

This condition can also be tied down to a safe wattage 
dissipation in the crystal, but not knowing the resistance 
of the crystal we can only consider it from a current stand- 
point. In the 3000 to 4000 ke. band, electrostatic voltmeter 
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and thermal ammeter readings in the crystal circuit show 
approximately five watts loss in the crystal. It is only at 
this and higher frequencies that an electrostatic voltmeter 
can be used to measure the voltage across the crystal, be- 
cause the shunting effect of the capacity of the meter at the 
lower frequencies is such that it seriously reduces the out- 
put. When measurements were made with a 500-kc. crystal, 
the placing of an electrostatic voltmeter across the termin- 
als of crystal holder was such as to reduce the output to 
less than one-half of the original output. This reduction in 
crystal piezo-electric controlling voltage is due to the fact 
that the plate-grid feed-back voltage is divided between the 
two capacities, i. e., the voltmeter capacity and the crystal 
capacity, while at the lower frequencies the crystal capacity 
is nearly equal to the voltmeter capacity. 

This can be shown further by reference to Fig. 13 where 
Cr is the capacity equivalent to the crystal, capacity Cv 


CE 


dh 


i------ || 


Figure 13 


represents the voltmeter capacity of Cf the grid-plate feed- 
back capacity. | 

From the above figure we can note that it is not possible 
to obtain true voltmeter readings due to the presence of the 
shunt capacity Cv which divides the feed-back charging vol- 
tage into two paths, thus robbing the crystal of the maxi- 
mum charging voltage from the plate circuit. Although we 
have cited the case of the shunt capacity afforded by the 
voltmeter, it is also true than any extraneous capacities, 
such as long leads from crystal to grid, poor design of crys- 
tal holder which permits additional capacity other than that 
of the crystal contact plates, and choke coils which have 
high distributed capacities, will also produce the same 
effect. 
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The capacity between contact plates of crystals in the 
range between 100 and 12,000 kc. respectively, varies from 
12to 125 micromicrofarads. When we consider the capacity 
of the crystal and the fact that the grid-plate feed-back 
capacity is constant, it can be readily seen when using 
the same plate voltage, that the charge delivered to the 
Crystal is reduced with the decrease of frequency. An ex- 
ample of this case is cited by comparing charges delivered to 
two crystals, i. е., a 500 and a 4000-kc. crystal when em- 
ployed in a 715 watt U V 210 tube circuit. With the 
1000-kc. crystal the charge is 64 times as great as that de- 
livered to the 500-kc. crystal. This increased charge on the 
crystal with the increase of frequency explains why it is 
possible to obtain greater radio frequency output at high 
frequencies and why we have to be so particular about low- 
frequency crystals and their associated circuits. With the 
low-frequency crystals it is imperative that we employ the 
right amount of grid biasing voltage for the condition of 
maximum output, while with the high-frequency crystals 
it is possible to eliminate the biasing voltage and still obtain 
good output. It is, of course, understood that the elimination 
of the biasing battery means a reduction in the efficiency 
of the circuit and sluggish oscillating action of the crys- 
tal, especially when we use the crystal as a master 
oscillator. 

An improvement on the Miller circuit was made by ` 
Crossley and is shown in Fig. 14. This improvement pro- 


c 


rigure 14 


vides for the isolation of the radio frequency output circuit 
from the high-voltage direct-current circuit thus preventing 
the operator from accidentally coming in contact with the 
high-voltage direct-current supply. The insertion of the 
choke coil Land the condenser C in the circuit permits the 
segregation of the radio frequency and direct-current cir- 
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cuits. It is good practice to make the resonant period of the 
plate choke coil L equal to a frequency which is lower than 
that of the crystal, thus making the choke coil a capacitive 
reactance at the crystal frequency. 


CRYSTAL HOLDERS 


The subject of crystal holders is very important. Ex- 
periments conducted by Crossley, particularly in the low- 
frequency range, show that the crystal will become inopera- 
tive if any dirt or moisture comes in contact with the crys- 
tal. If a crystal is placed in a circuit and started oscillating 
and a minute drop of water or oil is placed on the crystal, it 
will immediately stop oscillating. The stopping of oscilla- 
tions may be explained when we consider that for best 
operation the top crystal contact plate is separated by a 
minute air cushion from the surface of the crystal when the 
crystal is oscillating and the introduction of moisture in 
place of the air eauses a load to be placed on the crystal. 
This latter condition is similar to the use of mercury as a 
contact surface for the crystal, which type of contact ad- 
heres so closely to the crystal that it damps out any oscilla- 
tion that tries to start up. 

From the above facts it is imperative that the crystal 
be placed in a hermetically sealed container where no mois- 
ture or dirt can come into contact with it. 


It is necessary that capacities other than that between 
the crystal contact plates be kept as small as possible, thus 
eliminating the charging losses occasioned by extraneous 
shunt capacities. For reliable operation and maximum out- 
put the crystal contact plates should be intimately touch- 
ing the surface of the crystal. Lapped surfaces on these 
plates are to be preferred, while the weight of the upper 
plate should be kept to a minimum. No restriction of up and 
down movement of the upper plate should be tolerated. 
Light spring pressure can be applied to this plate but for 
best results no pressure other than the weight of the plate 
is necessary. 

Retaining rings of bakelite or other insulating mater- 
ial or brass retaining pegs can be employed to hold the crys- 
tal in one fixed position with respect to the sides of the 
container. A holder' having all these features together 


Crossley patent U. S. No. 1.572,773—Feb. 1926. 
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with vios for restricting the tendency for the crystal to 
jump clear of the retaining pegs when being tran 
is shown in Fig. 15. ет 


Experience has shown that апу air-gap between upper 
surface of crystal and the contact plate means a great re- 
duction in output and when used in regular power circuit 
the air-gap causes brushing between the surface of the 
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Figure 15 


ы and the plate, which in turn causes the crystal to 
sin еа Crack. Crystals which have been subjected to the 

shing effect show a discoloration on the surface of the 
crystal at the place where the brushing occurred. 

The frequency of any crystal changes with temperature 
and for absolute constancy of frequency it is necessary that 
some type of temperature control be applied either directly 
or indirectly to the crystal. One method is to place the crys- 
tal in a hermetically sealed container and by use of a ther- 
mostat and heating unit in this container maintain the crys- 
tal at a predetermined temperature. The second method is 
to place the crystal in a crystal holder of similar type to 
that shown in Fig. 15 and to secure this holder on a metal 
plate which can be maintained at a constant temperature. 
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The heat from the plate will be conducted through the low- 
er crystal contact plate direct to the crystal. 


The metal heating plate can be kept at a constant tem- 
perature by circulating water through it, or a sub-compart- 
ment with suitable heating unit and thermostat can be 
attached to this plate. А thermostat can be employed with 
the water circulating system to turn on or off the current 
in a heating coil which is placed in the water intake line to 
the plate. This latter water-cooling method was developed 
by Taylor and applied by E. L. White to the high-power 
high-frequency transmitters at this Laboratory. 

The importance of constant temperature control is 
appreciated when operating high-frequency crystals, as a 
change of 10 deg. cent. will change the frequency as much 
as one kilocycle in the 4000-kc. range. Extreme changes in 
temperature met with on board Naval vessels when cruising 
can change the crystal frequency as much as three kilocycles, 
which charge is very detrimental to perfect communica- 
tion conditions. A remedy for this is to provide a thermos- 
{айс control which will maintain the crystal temperature 
above that which is ever encountered, throughout the 
year. This is identical with the practice now in force with 
reference to our Navy Standard 25-kc. crvstal calibrator, 
which is used as a standard of frequency for the Navy. 


Recent data on temperature coefficient in quartz crystals 
obtained by the Naval Research Laboratory show for the X 
axis there is a frequency change of 25 parts in a million per 
degree centigrade while with the Y axis a change of 50 parts 
in a million is noted. These data on electrical characteristics 
appear to show that the temperature coefficient of the elastic 
constant along the Y axis is approximately double that of 
the X axis, as we can assume that the frequency change 
must tie in with the mechanical change. This statement is 
based on our previous experiments on the resonant condi- 
tion, in crystals, namely, the relation of meters per milli- 
meter for respective electrical axes. 

Several types of multiple crystal holders have been de- 
veloped. One type employs the holder shown in Fig. 15 
which was placed on a circular disk with a knob and pointer 
on the front of a panel for rotating the disk. Two contac- 
tors are placed behind the panel for making contact with 
each crystal holder as it was rotated past the indicated 
point. | | 
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CRYSTAL CONTROLLED POWER AMPLIFIERS 


Having obtained reliable operating conditions with the 
crystal controlled oscillator our next and most important 
problem was to amplify this output. 

The first attempt to amplify the crystal oscillator output 
was made by resort to two stages of amplification. The first 
stage consisted of а 714-watt tube while in the second stage 
two 50-watt tubes were employed. Grid leaks were used to 
bias the grids of the amplifier tubes. An output of 96 watts 
Was obtained with this power amplifier at a frequency of 
600 ke. Another stage of amplification consisting of three 
250-watt tubes was added to this amplifier and the maxi- | 
mum output obtained was approximately 700 watts. 

About this time Dr. Taylor and L. C. Young demon- 
strated that amplification of power from a 3000-kc. crystal 
oscillator was possible. 

Considerable trouble was experienced from self-oscilla- 
tions in the amplifier system. Various methods were em- 
ployed to eliminate these undesired frequencies with no 
satisfactory result. Crossley discovered that these oscilla- 
tions were in general of a high-frequency nature and that 
the only method of eliminating them was to place a resis- 
tance of a certain value in the plate lead, preferably as 
close to the plate as possible. The location of this resistance 
in the plate lead placed a load on the high-frequency circuit 
and if sufficient resistance was inserted the load would be 
too great to permit the grid-plate feed-back to cause a con- 
dition of self oscillation. The maximum value of the resis- 
tance did not exceed 300 ohms at 300 ke. and can be very 
low on sets of very high frequency; that is, small enough 
to have a negligible effect on the output of the amplifier 
circuit at the amplified frequency. This can be better under- 
stood when we consider that the plate circuit impedance at 
the desired frequency is at least 5000 ohms at medium fre- 
quencies for all types of tubes other than the one-kw. type, 
and the additional resistance placed in this circuit for pur- 
Dose of stopping self oscillations never is greater than 6 
рег cent of the total circuit impedance. The impedance of 
the plate circuit which it is resonant to the self oscillation 
frequency is low, and the resistance referred to above is so 
located that it is in series with this resonant circuit. 

The importance of shielding each stage of amplification 
Was soon apparent and this was accomplished by providing 
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metal containers for each stage. It was noted that there 
was sufficient feed-back through the grid plate capacity of 
the amplifier tubes to prevent maximum power amplification 
per stage. L. A. Gebhard and Miller suggested and demon- 
strated the power amplification gain which is possible when 
neutralizing the feedback and also applying a high value 
of biasing voltage to the grid of the amplifying tubes. 


The neutralizing of the feed-back in the amplifier tubes 
permitted maximum grid excitation while the use of the 
high value of grid biasing voltage reduced grid-filament 
circuit losses to a minimum. A power amplification of 80 
is obtainable by the method proposed above. A concrete 
case of this condition is cited when we amplified the output 
of a 714-watt tube circuit by use of a UV 851 one-kw. tube 
and obtained 600 watts. From the above it can be noted 
that it is possible to reduce the number of stages of ampli- 
fication very materially, thus eliminating troubles exper- 
ienced with the excessive number of stages which are 
required when employing the old method of cascade ampli- 
fication. 

One-mere source of trouble was experienced in the de- 
velopment of the amplification system, and that was in the 
choke coils. It was found during numerous incidences that 
the choke coils would burn up, particularly the plate choke 
coils. These choke coils were of the single-layer and the 
pancake universal-wound type. An investigation of the 
reason for this burning effect showed that the burning oc- 
curred at frequencies which were close to the second, fourth, 
sixth, and other even harmonic frequencies of the funda- 
mental of the choke coil. It then became necessary to make 
our choke coils such that the danger or burning frequen- 
cies would be other than that of the operating frequency of 
the transmitter. 

If the transmitter is required to cover a broad band of 
frequencies a radical change has to be made in the choke 
coils. This change consists of using at least three choke coils, 
preferably of the universal-wound type, in a series connec- 
tion. Each coil should have the same number of turns and 
the same shape and arranged on a bakelite or pyrex rod or 
form in such a way that the magnetic fields add. This mul- 
tiple choke arrangement provides a method of obtaining in 
a concentrated form a choke coil which has nearly twice the 
inductance and two thirds the distributed canacity of the 
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best type single-layer choke coil. It also has, by virtue of 
the addition of impedance of the respective coils, a high 
value of impedance at the dangerous harmonic frequencies. 
This latter characteristic makes this type of choke well 
suited for use in transmitters which employ the principle of 
frequency doubling or tripling to obtain super high-fre- 
quency oscillations. A choke coil similar to the type referred 
to above is shown in Fig. 16. 


Figure 16 


Having solved the major problems involved in the crystal 
controlled transmitter with reference to output the next 
Problem was that of keying the system. Various methods 
Were tried and abandoned due partly to sluggishness of 
action or the fact that too large a load was taken from sup- 
Ply source which furnishes the necessary negative voltage 
for blocking the grid of the control tube. A satisfactory sys- 
tem was finally obtained and may be explained by reference 
to Fig. 17. 

In this figure there is shown one of the stages of am- 
plification which it is intended to key. The grid circuit con- 
sists of the blocking condenser 1, choke coil 2, relay 4, high 
resistance 8 and the battery 5. Associated with the relay 4 
is the key 7 and relay battery 8. The plate circuit is of the 
Conventional type and consists of blocking condenser 9, an- 
tenna or dummy circuit 10 with the usual plate choke 11 and 
plate potential source 12. 

The keying is accomplished by changing the grid biasing 
Voltage from an operating voltage to a high blocking voltage 
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through the agency of the relay 4 and the associated cir- 
cuits. With the key 7 closed, current flows through the re- 
lay 4 and closes the contacts, thus permitting the grid lead 
to be connected to the low-voltage tap on the battery 5. 
The high resistance 3 is then placed across the remainder of 


Figure 17 


the battery and, due to its high value, it takes no apprec- 
iable load from the battery 5. When the key is up or in 
the open position the contacts on relay 4 spring back and 
disconnect the low voltage tap on the battery 5, thus through 
the resistance B making a path for the high blocking vol- 
tage to be impressed on the grid. The fact that there is no 
current flow through the grid circuit also indicates that 
there is no I А drop over the resistance 3, thus we can, by 
means of the relay, change the grid voltage from an optimum 
operating value to an absolute blocking value. The use of 
the high-resistance also cuts down to a minimum the spark- 
ing and sticking of the contacts on the relay. With this 
method of keying it is possible to key at speeds in excess 
of 100 words per minute. 


COMPLETE TRANSMITTER 


Further work on this problem of amplification at fre- 
quencies from 150 to 600 kc. proved that it was possible to 
obtain an output of 13 kw. into a dummy antenna system. 
The complete details of the system which is capable of de- 
livering this radio frequency power output may be explained 
by reference to Fig. 18. 
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In this figure three stages of amplification are shown. 
The first stage consists of a 50-watt impedance coupled 
amplifier which feeds into a 1-kw. tuned amplifier stage 
and from this stage to a 20-kw. amplifier circuit. 

The crystal controlled oscillator consists of a multiple 
crystal holder with the associated grid circuit which com- 
prises the grid radio frequency choke and the source of bias- 
ing voltage. The plate circuit of this oscillator employs the 
parallel feeds through agency of the multiple choke coil, a 
source of high direct voltage, a 0.004 radio frequency by- 
pass condenser and a resonant circuit consisting of an in- 
ductance and two condensers with suitable radio frequency 
ammeter. Two condensers, one of which is variable are em- 
ployed to permit tuning to resonance with the inductance 
over a given range of frequencies. 

Voltage required for exciting the grid of the first am- 
plifier tube is obtained from a tap on the inductance of the 
resonant circuit. Proper biasing voltage for the grid of the 
amplifier tube is obtained from a potentiometer and flows 
through the inductance of the resonant circuit direct to the 
grid. This method of biasing the grid of the amplifier tube 
eliminates the usual grid condenser and choke coil system. 

The plate circuit of the first amplifier tube comprises a 
multiple radio frequency choke coil with the usual high 
voltage direct-current source and a resistance load circuit. 
The radio frequency output of the choke coil is delivered to 
the resistance load through the two by-pass condensers 
shown in the diagram. 

The choke coil system is so constructed that it is reso- 
nant to a lower frequency than that of the range of the 
transmitter and therefore provides a capacitive load. This 
capacitive load prevents any tendency for feedback in the 
amplifier, thus saving the crystal circuit from any surge 
effects which tend to overload and break the crystal. 

A variable contactor is used on the load resistance for 
obtaining optimum controlling voltage for the grid of the 
second amplifier tube. A 0.004-nf. by-pass condenser 
Segregated the radio frequency resistance bad circuit from 
the grid biasing system. It will be noted that the grid 
biasing system of this tube includes the keying system re- 
ferred to previously in this paper. 

The plate circuit of the second amplifier has the usual 
parallel radio frequency feed circuit and in addition there 
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is the balance or neutralizing circuit which comprises the 
counter-inductance and a 0.0002-uf. variable air conden- 
ser. This balance or neutralizing system is found to be very 
reliable and easy to adjust. 

The third amplifier stage is identical to the second stage 
with the exception of the addition of the antenna load sys- 
tem. As will be noticed, the voltage for feeding the antenna 
is obtained from the drop across a condenser which is placed 
in series with the plate resonant circuit. This condenser 
was а 0.25-.f mica condenser with five taps of 0.05,f each. 
This condenser in addition to supplying required voltage for 
the antenna system also functions by virtue of its low impe- 
dance in reducing harmonic frequencies to a low value. 


PROTECTIVE DEVICES 


Various kinds of protective devices were employed in 
this transmitter. The first and most important protective 
device was tied in with the biasing battery circuit and func- 
tioned in opening the filament and 2500-volt supply when no 
current was being supplied from the biasing battery. 

. The second device consisted of a water-flow protective 
relay circuit. When there was no flow of water through 
the water-cooled tubes the device opened the filament sup- 
ply circuit and also the field of the high-voltage generator. 

A circuit breaker was placed in series with the negative 
terminal of the high-voltage generator and when an over- 
load was placed on the generator it opened the generator 
field circuit. 

As a safety-first precaution, a condenser and a resistance 
was placed across the coil of the circuit breaker. These units 
maintained the negative side of the generator at ground po- 
tential should the breaker coil accidentally open. They also 
had a tendency to reduce line surges to a great extent by 
acting as a damping means. 


MISCELLANEOUS 


Very small output is obtainable from a crystal on the 
lower frequencies required of the transmitter and for this 
reason a small amount of regeneration was employed in the 
crystal circuit. The regenerative feature is shown in Fig. 
18, by the grid feed-back coil in the crystal oscillator circuit. 
On the higher frequencies this coil was short-circuited, for 
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as previously stated in the paper, regeneration, especially 
at higher frequencies than 400 Кс. is liable to crack the 
crystal. 

The 50-watt stage of amplification was required for 
the low-frequency amplification, but can be dispensed with 


Figure 1$ 


at the high frequencies. With well made crystals and proper 
circuits it is possible to use only two stages of amplification 
and obtain outputs in excess of 10 kw. when operating the 
transmitter over the range from 400 to 600 kc. 

There was no need for frequency doubling in this trans- 
mitter and consequently no mention was made of it. Fre- 
quency doubling and tripling circuits were developed by 
Taylor and have been used very extensively in our numerous 
high-frequency transmitters which are in operation at N. 
K. F. This principle is also used in transmitters furnished 
by the Naval Research Laboratory to the Coast Guard, 
Army, Naval ships and stations. 

The work covered in the construction of the low-fre- 
quency transmitter was undertaken by A. Crossley with the 
assistance of W. F. McBride. Messrs. Gebhard, Young, 
White and Taylor were responsible for the development of 
the high-power high frequency transmitters. 

The development of the low power high frequency 
transmitter which derives its source of plate potential from 
alternating-current circuits was undertaken by R. B. Meyer. 
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Meyer developed the crystal oscillator circuit which employs 
one crystal and two tubes with the split transformer plate 
supply circuit. Best results are obtained with such a cir- 
cuit when the frequency of the supply source is 500 or more 


Figure 19 


cycles. The Meyer circuit is shown in Fig. 19. This circuit 
is used in transmitters designed and built for the Army and 
the Marine Corps. A schematic wiring diagram of this 
transmitter is shown in Fig. 20. An inspection of this 
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diagram will show the automatic balance which is obtain- 
able in the amplifier circuits when resort is made to the 
use of an alternating plate current supply. This balance is 
obtained by using approximately the same number of plate 
turns in each amplifier tube curcuit. 

This transmitter is designed for frequency doubling and 
is capable of covering a frequency range from 3500 to 9000 
ke. The rated output of the transmitter is 500 watts. 

Figs. 21 and 22 are photographs of this transmitter 
showing front and side views. 
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A method for obtaining more piezo electric controlling 
voltage was developed by Taylor". This is accomplished by 
employing two crystals which have identical frequency char- 
acteristics and connecting these crystals in parallel with 
each other in the conventional circuit. Series stabilizing 
Choke coils are placed in each crystal circuit for the purpose 
of holding both crystals in synchronism should temperature 
effects tend to change the natural frequency of the respec- 
tive erystals. 


“Taylor U. S. Patent No. 1,581,701—April, 1926. 
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Taylor also developed a method" for obtaining three- 
phase source of radio frequency by employing three syn- 
chronized crystal circuits which feed into a Y-connected 
output circuit. | 

Among other developments of the Naval Research Lab- 
oratory is a means" for obtaining a crystal-controlled oscil- 
lating circuit which by use of stacked crystals and retun- 
ing of plate circuit can be made to generate currents of 
a frequency which corresponds to that of any crystal em- 
ployed in the stack. 


SUMMARY—A discussion of piezo-electric crystals and the early 
history of the development of the art has been given. 

The development of crystal-controlled vacuum tube oscillators by 
the Naval Research Laboratory has been outlined and various means ої. 
amplifying the output of a crystal-controlled oscillator are cited and 
the best method is described. This method consists of balancing or 
neutralizing the various stages of amplification and also observing 
proper precautions for reducing grid circuit losses by using high values 
of biasing voltage. 

A complete high-power low-frequency crystal controlled transmit- 
ter is described and a schematic wiring diagram of circuits employing 
in this transmitter is shown. Schematic wiring diagram and illustra- 
tions of one type of low-power high-frequency transmitter complete 

the subject matter covered in this paper. 


1Taylor U. S. Patent No. 1,584,490— May, 1926. 
V'Taylor U. S. Patent No. 1,578,296— March, 1926. 


SIMULTANEOUS PRODUCTION OF А FUNDAMEN- 
TAL AND A HARMONIC IN A 
TUBE GENERATOR* 


BY 
Hoy J. WALLS 


Assistant Electrical Engineer Bureau of Standards 


Methods are available for the transmission and reception 
of two or more frequencies from a single antenna. ' The 
published methods, however, contemplate independent 
modulation of the several frequencies and require a separ- 
ate generating tube for each frequency. The method here 
described involves only a single tube. The application imme- 
diately in view was the simultaneous transmission of several 
standard frequencies; other applications are pointed out 
below. The work, which was done under the direction of Dr. 
J. Н. Dellinger, was part of the standard frequency trans- 
mission program of the Bureau of Standards. The reader 
should understand clearly that the method is one of multi- 
plex frequency transmission but not of multiplex signal 
transmission, since there is only a single modulation. 

The experiments were made in June, 1924, to determine 
if it were practicable to operate a radio transmitting set 
on two or more arbitrarily chosen frequencies simultaneous- 
ly. The results obtained when operating on two entirely in- 
dependent frequencies were not as satisfactory as desired, 
but very good results were obtained when operating on two 
frequencies, one of which was a harmonic of the other. 

The circuit arrangement used is given in Fig. 1. It is 
similar to the usual “Hartley” circuit but has an additional 
tuned circuit (L,C,) in series with the main tuned circuit 
(LC). The antenna circuit is similarly arranged (L,C,). 
lt was found that, when the tube was generating a fre- 


——— 
—— 


* Published by permission of Director, Bureau of Standards. 


1 See "Multiplex Radio Telegraphy and "Telephony," by Ryan, Tolmie, 
and Bach. I. R. E., 8, p. 451; 1920. 


* Received by the Editor July 19, 1926. 
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1 
quency approximately f, 2. VL,C, and the circuit L,C, 


were tuned to some harmonic of f, that harmonic hf, would - 
be materially amplified. The strength of the harmonic 
could be readily controlled by varying the coupling between 
Г.С, and L,C,, this coupling being the portion of L, common 
to both circuits. If the antenna, whose reactance has been 


Ls 


E 1000 V 10У 
Figure 1—Arrangement for Producing Fundamental and One Harmonic. 


adjusted * so that it is zero for the two frequencies f,and Һ/,, 
is coupled to the inductance L, both frequencies are radiated. 

Such a tube arrangement, operating on a fundamental 
frequency of 600 kilocycles with the third harmonic 
(1800 ke.) strengthened, was coupled to an antenna tuned 
to 600 and 1800 ke. Good transmission of both frequencies 
was obtained over short distances. The transmission was 
not tried over long distances, since a low power tube was 
used while making the experiments. 

Harmonics as high as the tenth (500 kc.) were strength- 
ened with this arrangement when working with a funda- 
mental of 500 kc. Higher harmonics could not be obtained 
in this case as the limit of the second oscillatory circuit used 


2 See Bureau of Standards Circular No. 74, pp. 41 to 68. 
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was slightly over 5000 kc. With a fundamental 2500 kc., 
harmonics as high as the fifth (12,500 kc.) have been am- 
plified, which was the highest frequency to which the oscilla- 
tory circuit used could be tuned. Higher harmonics could 
probably have been obtained if the oscillatory circuit could 
have been tuned to higher frequencies. It is to be under- 
stood that only one harmonic was amplified at a time. There 
was no apparent increase in the strength of the other har- 
monics, 


It is evident that the operation of this circuit arrange- 
ment depends upon the feedbacl: principle. By inserting the 
second LC circuit in series with the main tuned circuit and 
tuning the second LC circuit to a harmonic, that harmonic 
would be strengthened somewhat by virtue of the tuning. 
The then slightly increased harmonic voltage is fed back on 
the grid of the tube and is amplified, the strength to which 
the harmonic is amplified being dependent upon the coupling 
between the main circuit and the second LC circuit. 


There are several important applications of this circuit 
arrangement. In relay broadcasting, the main station trans- 
mits the same program on two frequencies by means of two 
independent sets. One frequency is the regular operating 
frequency in the broadcasting band and the other a much 
higher frequency, usually between 2500 and 7500 kilocycles. 
With the circuit arrangement described here it would be 
quite possible to transmit two frequencies on the same set 
with any desired output within the capacity of the set on 
either frequency. This would result in considerable reduc- 
tion in operating expenses as well as making an additional 
transmitting set unnecessary. 


In calibrating a wavemeter by the use of generator har- 
monies a generating set of this type is useful when the 
Wavemeter indicator is not sufficiently sensitive to respond 
to the weak harmonics of the usual generating set. With a 
fundamental frequency within the range of the wavemeter, 
апу harmonic or higher frequency can be simultaneously 
obtained with a strength sufficient to operate the wavemeter 
directly. By changing the fundamental frequency somewhat 
anew harmonic will be obtained and an indefinite number 
9f points thus secured. To obtain lower frequencies the gen- 
erating set is adjusted so that the harmonic amplified is 
Within the range of the wavemeter and the fundamental 
Vill give the lower frequency. 


DISCUSSION ON 
REDUCTION OF INTERFERENCE IN BROADCAST 
RECEPTION (GOLDSMITH) 


J.C. Van Horn: The curve of percentages of complaints 
shown in Figure 10 of the paper under discussion, with its 
peaks and valleys, seems to me to correspond to what might 
be called the periods of diminished and normal reception 
conditions. It is therefore related to the electrical field 
strength curves of distant stations such as have been des- 
cribed by Dr. Heising in his papers on the measurement 
of signal strength. I feel sure that if field strength measure- 
ments had been made on a distant station (say 1,000 miles 
from WJZ at Bound Brook) it would have been found that 
when the field strength was least from distant stations in 
territory normally served by WJZ, the percentage of com- 
plaints was highest. Conversely, when the field strength of 
distant stations was high, few complaints should have been 
received. 

During the period covered by the actual complaints, the 
"radio weather” in the Eastern Pennsylvania territory was, 
] am afraid, very poor. The field strengths from distant 
stations were so low that radio dealers in the territory in 
question were at their wits' ends to keep both new customers 
and existing listeners in a contented frame of mind. The 
customers complained almost universally that, "the only 
station that we can hear is WJZ". However, in reality had 
it not been for the existence of WJZ, very few would have 
heard any broadcasting at all under such adverse conditions. 


*Received by the Editor October 25, 1926. 


AN AUTOMATIC FADING RECORDER* 


BY 
THEODORE A. SMITH AND GEORGE RODWIN 


(Technical and Test Department, Radio Corporation of America.) 


A device for automatically recording signal intensities 
isa most useful piece of modern radio laboratory equipment. 
The value of this apparatus is at once apparent when long, 
continuous records of signal strength are desired for fading 
study or for tests of a similar character. It is almost im- 
possible for one man to take a manual record for periods 
exceeding one hour, when using the ordinary Shaw instru- 
ment. Even for shorter intervals the work of keeping a 
pointer centered on a meter needle is arduous, imposing 
considerable strain upon the operator. An automatic re- 
corder may be set and left alone to operate indefinitely. 
Automatic records are also in general more reliable than 
manual records as the human element is entirely eliminated. 

The power required to operate the galvanometer of a 
Shaw recorder is 0.45 microwatts. Obviously this limited 
power is not sufficient to operate any ordinary type of gra- 
phie galvanometer except one in which the recording is 
made by a photographic process. Such an instrument is 
advantageous in that it may be made to follow very rapid 
fading, but it is inconvenient to use because the fading 
cannot be observed visually, as well as expensive to con- 
Struct and operate. 

Some means was therefore sought to increase the power 
available from an ordinary receiver sufficiently to operate a 
recording meter with a reasonably wide scale, so that fading 
variations would be well spread out. The use of a radio 
frequency amplifier of several stages was considered, but 
was not attempted because of the difficulties in getting the 
number of stages necessary, to operate stably. 

It was desirable that the fading curves be proportional 
. to the carrier field intensity. If a constant note modula- 


= — 


*Re-cived by the Editor, July 30, 1926. 
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tion could be provided at the transmitter, the resulting 
audio frequency output of a receiver could be amplified 
sufficiently to operate a recording milliammeter. However, 
when fading records are desired, of radio broadcasting 
stations, constant tone modulation is seldom available, and 
even if such was the case, the resulting curves would show 
fading of both carrier and sidebands together. An alter- 
native is to supply the constant note modulation at the re- 
ceiver and to filter out any other modulation which may 
have been impressed on the carrier at the transmitting 
station. An audio frequency power amplifier could then 
furnish enough energy to operate a relatively insensitive 
graphic meter. 


such an arrangement was suggested by Mr. Julius Wein- 
berger of this Department, and it has been employed with 
entirely successful results. Two sets were constructed, one 
for use on broadcasting frequencies only, the other for 
covering from 16.6 megacycles to 2.megacycles (18-150 
meters) by the use of plug-in coils. With an external oscil- 
lator tube, the range of the latter was extended to the band 
from 300 to 100 kilocycles (1000-3000 meters). 


The two sets are similar electrically, each consisting of— 
a superheterodyne receiver, a 1000-cycle modulator, an 
audio frequency power amplifier, a 1000-cycle pass filter, a 
rectifier, and a recording milliammeter. The broadcast re- 
ceiver is a standard Radiola 28, eight-tube set. The short 
wave outfit consisting of a Standard six-tube “catacomb” 
such as is found in the Radiola 25, but with the high-fre- 
quency amplifier and oscillator external. A General Radio 
1000-cycle hummer furnishes the modulation which is intro- 
duced into the grid circuit of the radio frequency tube, as 
shown in Figure 1. The intermediate frequency amplifier, 
second detector and two stages of audio frequency amplifica- 
tion are contained in the “catacombs” of the receivers. A 
parallel circuit tuned to 1000 cycles is placed between the 
second detector and the first audio amplifier. This has been 
found quite satisfactory in removing the broadcast modu- 
lation to a degree insufficient to operate the recorder. A 
power stage of audio amplification feeds into a rectifier to 
which the meter is connected. 

The recording milliammeter was furnished by the Ester- 


line-Angus Company and is of the electrodynamometer type. 
The power required to operate it at full scale with all coils 
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in series is about three watts. Its resistance under the 
same conditions is 32, 940 ohms. Full scale current is 10 
milliamperes. The meter can be used at record speeds vary- 
ing from 60 feet (18.3 meters) per hour to 34 inch (1.9 cen- 
timeters) per hour, and thus either short or long-period fad- 
ing records can be obtained. A second pen marks along the 
margin of the record and by closing a local circuit, indenta- 
tion may be made on this trace for the purpose of noting 
time or disturbances on the record. 

With all coils in series, the fading record ordinates were 
roughly proportional to the fourth power of the field 
strength owing to the square law action of the detector and 


Figure 2—Two Automatic Fading Recorder Sets 


the use of a dynamometer type meter. However, as now 
used, the meter field current is supplied from a local battery 
and thus the ordinates are proportional to the square of the 
field strength except at the extreme lower end of the scale. 
As the record paper is printed with a squared scale, the 
printed ordinates are proportional to the field strength. 
This is a convenient arrangement, as the deflections are 
roughly proportional to the audio output of a receiver. 
The use of direct current in the meter field coils has 
proved advantageous for changing scales, as by reducing the 
field current by a known per cent, the deflection of the meter 
can be reduced in the same ratio. This is a distinct advan- 
tage where signals are to be compared or when the signal 
is fading considerably and it would be difficult to change 
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scale in а known proportion by any other means. With one 
set of coils supplied from a direct-current source, the power 
required to produce full scale deflection on the meter is re- 
duced to one-half, or about 1.5 watts, which may readily be 
obtained from a UX210 power tube operated properly. 

А six-volt storage battery furnishes the filament supply 
for all tubes except the power amplifier which is run from 
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Figure 3a 


alternating current. The B battery current is supplied by 
the power amplifier unit, shown under the tables in 
Figure 2. 

Provision is made for using a manual recorder in the 
sets constructed. For measuring field intensities, known 
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radio frequency voltages may be introduced into the input 
circuit. 

| Sample records taken at various times are shown in 
Figures З and 4. All reception was at the Radio Corpora- 
tion Technical Building at Van Cortlandt Park, New York 
City. Figure 3a is a portion of a continuous record taken 
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in the evening of February 19, 1926 of station 1XAO located 
at Belfast Maine, transmitting on 70 meters. (Belfast is 
located 350 miles or 560 kilometers from New York City). 
This record shows the sudden change in period fading some- 
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Figure 4a 


times encountered on short waves. Figure 3b is a daylight 
record of WJZ at Bound Brook, New Jersey, transmitting 
оп 454.3 meters (660 kilocycles) . 

Figure 4a is a record of static on a wavelength of 400 
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meters (750 kilocycles) during a snow storm on February 
10, 1926 at 10 A. M. Figure 4b shows fading encountered 
in New York City from WGY in Schenectady in daylight 
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Figure 4d 


on 380 meters (790 kilocycles). The record in 4c is of short 
wave transmission on 80 meters (3750 kilocycles) from 
Schenectady, also in daylight. Figure 4d is transmission 
from Pittsburgh on 63 meters (4760 kilocycles) at night. 
SUMMARY—A device for automatically recording signal intensities is 
described with the method employed to amplify the signal sufficiently to 


operate a commercial type of graphic meter. Sample fading records of var- 
ious transmissions are presented. 


BEHAVIOR OF ALKALI VAPOR DETECTOR TUBES* 


By 
HUGH A. BROWN AND CHAS. Т. KNIPP 


(University of Illinois) 


I—INTRODUCTION 


Since the original investigation of certain alkali vapor 
lubes used as detectors! was completed, new and more sen- 
sitive types of tubes have been developed and put on the 
market, Interest has centered around the comparative ef- 
ficacy of the later tubes with the supersensitive (potassium 
Sodium alloy) tubes previously developed. It is the inten- 
tion of this paper to point out not only the actual compari- 
sons, but also the manner in which the comparative tests 
were made. In the past, erroneous interpretation of com- 
parative results have often occurred, due to variations in 
the manner of conducting tests. : 

Some very peculiar and interesting features of behavior 
of the alkali tubes will also be described and illustrated. 
(These unique features will probably be the ultimate basis 
for a scientific explanation of the physical phenomena oc- 
euring within tubes of this type.) The observations are 
confined to tungsten filament tubes into which the molecular 
alloy of potassium and sodium has been distilled at a tem- 
perature of 250 deg. cent. by the oil bath described in Bulle- 
tin 1385 This particular treatment seems to vield finer re- 
sults in detection than any other single alkali metal vapor 
content. A few observations were also made of the effect 
of forcing sodium through the glass walls, this latter treat- 
Ment yielding no sensitive detection performance whatever. 


II—TRANSIENT PLATE CURRENT VARIATIONS 


In order to produce a sensitive potassium sodium alloy 
content detector it is essential to use a tungsten filament 


*Received by the Editor September 7, 1926. Presented at the I. R. E. Con- 
vention, New York, January 11, 1927, 10:00 A. M. Session. 

‘Ree Bulletin 147, Eng. Exp. tSa., University of Illinois. 

tSee Bulletin No. 138, Univ. of Ill, Eng. Exp. Sta., also Proc. I. R. E. Vol. 
10, No. 6, p. 451. | 
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carrying 0.7 to 1.0 ampere which will produce sufficient heat 
to make the tube walls fairly warm, say 40 deg. cent. on the 
outside. The tube is not stable in its action until the tube 
envelope gets hot, and this occurs in about one minute after 
the filament current is turned on. As soon as the tube be- 
gins to warm up the plate current rises, slowly at first, 
increasing its rate of increase as the tube gets warm; then 
ceases to rise, and finally decreases to a steady value when 
the tube walls have warmed up to the final temperature. 
This phenomenon is shown in Fig. 1. The response of the 


Plate Current Milliamps. 


Decreased to | 
Final Valve of 
Sma. in CO sec. 


Time (Seconds) 


Figure 1 


tube as a detector is rather peculiar and is also indicated on 
the curve sheet. The peculiar results shown in Fig. 1 do 
not obtain for any type of high-vacuum tube or gas-content 
tube now or formerly in general use. Whether or not the 
tube be well or poorly outgassed when the alloy is intro- 
duced, the results are the same in a general way. If there 
is considerable residual gas the variation is greater as the 
tube warms up than when the tube is well outgassed, how- 
ever the writers have not been able to produce tubes which 
do not show this peculiar quality, and are therefore not able 
to say whether or not it is due to the presence of residual 
gas. While the plate current is increasing, a hissing sound 
occurs in telephone receivers placed in the plate circuit of 
the tube, the sound increasing in intensity to a maximum, 
then gradually reducing again until it is not heard when 
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the plate current has reached its steady value. The more 
“gassy” the tubes the more intense is the hissing sound. 

The cause of the variation in plate current detector per- 
formance has not been found. It is certain that as these 
quantities vary the vapor pressure of the alloy within the 
tubes is increasing until the tube walls reach a final tem- 
perature. The increasing vapor pressure in some way af- 
fects the behavior noted. The exact mechanism of this, is 
however not understood at present. | 


III— PERFORMANCE CHARACTERISTICS 


| 1. Variation of Resnonse with Plate Voltage, and Input 
Voltage. When a high vacuum tube is used as a detector 
the optimum response will occur at low plate or anode bat- . 
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tery potential when the input voltage is very small. When 
the input voltage is comparatively very large, producing an 
optinum response having a directly measured audibility of 
about 150 times, this optimum response occurs at the highest 
Plate voltage that can be provided just below the point 
Where residual gas atoms become ionized. This is usually 
about 80 to 100 volts for the small amplifier tube now in use. 
A soft detector tube will not respond at medium plate vol- 
tages at all, due to intense ionization. But potassium sodium 
alloy tubes respond to strong input or signal voltages with 
increasing intensity as the plate voltage is raised as do high 
vacuum tubes, even though these tubes contain considerable 
“inert” gas, as a result of incomplete evacuation. Their re- 
sponse under such conditions is greater than for all other 
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commercial tubes tested except for the UX—200—A. This 
will be discussed later. 

The behavior of a potassium sodium alloy detector under 
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conditions of strong and weak signal voltages is shown in 
Fig. 2. This property is also possessed by the conventional 
high-vacuum detector-amplifier tube. "The condition of low 
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optimum plate voltage is obtained for a much weaker signal 
voltage in the case of a potassium sodium alloy tube than for 
the conventional high-vacuum type. This is illustrated in 
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Fig. 3. Not only is the potassium sodium alloy tube a more 
efficient detector at low plate potentials and low signal volt- 
ages, but it is also a more efficient one at high plate poten- 
tials (40 to 50 volts) and strong signal voltages. The com- 
parison is made using the optimum plate voltages for the 
conditions of a strong and weak signal voltages, according 
to the curves of Figs. 2 and 3. 

2. Comparative Efficiencies. Fig 4. shows the results of 
comparative tests on various typical tubes to illustrate the 
present comparative efficiency of the potassium sodium 
alloy detector. Since making this test the Radiotron UX— 
200—A has been put on the market and one typical com- 
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Parison is added, showing it to be about as efficient as the 
potassium sodium type, but requiring optimum plate volt- 
ages of 40 to 50 as compared with 10 to 20 volts for the 
Potassium sodium tubes on weak signal voltages. For 
strong signal voltages also higher plate voltages are re- 
quired for the same degree of response as the potassium 
sodium tubes give. | ; 

8. “Hard” and “Soft” Tube Peculiarities. Attention 18 
again called to the fact that increasing the filament tem- 
perature gives the *gassy" potassium sodium alloy tube 
characteristics of a high vacuum amplifier (See Bulletin 
138 loc. cit). This is especially true of the shape of the 
characteristic curves of stich tubes also illustrated in the 
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bulletin referred to. As a matter of interest Fig. 5 is given 
showing how a potassium sodium alloy tube behaves during 
the change in grid potential indicated by the abscissa of the 
curves. While the data taking operation is proceeding a 
hissing sound occurs in phones in the plate circuit, then the 
ranges of E, indicated, as if ionization were setting in, but 
the curves are not “kinky” as those of gas content tubes, and 
for higher values toward (--E,) the hissing ceases. This 
tube in use gives both the sensitive detector performance on 
weak and strong signal voltages, and the efficient amplifica- 
tion. of strong amplifier input voltages. In either service 
it is a considerable improvement over the same tube not 
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primed with the alloy. The degree of rise and fall of plate 
current during the warming up process and the attendant 
hissing noise were decreased by more thoroughly outgass- 
ing the electrodes with the aid of a high frequency induc- 
tion furnace. However, such tubes were seemingly just as 
sensitive as those which were more “‘gassy.” The transient 
plate current characteristic shown in Fig. 1 could not be 
eliminated by heat treatment and long continued evacuation, 
hence it seems that the transient “warming up" current and 
hissing is due to increasing activity of the alloy molecules 
as the alloy vapor pressure increases. 
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IV—"''SQUARE LAW" VARIATION 


It has been generally assumed that thermionic tube de- 
tectors obey a “square law" relation, that is, the a-c. com- 
ponent of plate current 7, is: ?,—K (e,)* where e, is the im- 
pressed or signal voltage on the grid circuit. In general 
=K(e,), and for potassium sodium alloy tubes repeated 
variations showed that x is more nearly unity than for 
either "soft" or “hard” detectors. This is illustrated in 
Fig.6. This should mean quite an improvement in recep- 
tion of radiotelephone currents, as it would give more nearly 
the desired condition of the ideal linear rectifier.* 


V—CONCLUSION 


Further work has shown that alkali vapor detector 
tubes, especially those containing the molecular alloy of 
potassium and sodium, are ideal tubes for durability, true 
tone reproduction and non-critical adjustment of plate and 
flament voltages. 
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DISCUSSION OF 
A METHOD FOR MAXIMIZATION IN CIR- 
CUIT CALCULATIONS (ROBERTS) 


0. С. Boos: Mr. Roberts’ interesting paper illustrates 
а well known theorem concerning the *Hodograph" of Sir 
Wm. Rowan Hamilton—the discoverer of quarternions. 

The Hodograph is simply a polar curve of velocities, 
which is capable of being divorced from all “imaginaries” 
for the sake of graphical or mechanical analysis, using the 
parallelogram of velocities. 

"Maximization" of velocities and hence of all other 
functions changing with time can by its use, be rendered 
perhaps physically clearer than is possible by the use of 
imaginaries, as I shall attempt to explain and illustrate 
below, But first a word on the Hodograph itself is necessary. 

In Fig. 1a is shown the path of a particle which travels 
from point а to point g along the curvea bcd ef д. Its 
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Figure 1 


velocity at each of these points is given in magnitude and 
direction by the arrows a-1, b-2, c-3, d-4, e-5, f-6, 0-1. 

.. lf we now collect all these arrows as vectors with their 
Initial points at O in Fig. 1B, keeping their directions un- 
changed, we have the Hodograph 1-2-3-4-5-6-7, whose sec- 
tors 1-2, 2-8, etc. 6-7 are a measure of the change of veloci- 
HE 0f the particle as it passes between the corresponding 
ponts a-b, b-c, etc. f-g, in Fig. 1a. 
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In the limit, the Hodograph is a smooth curve and the 
velocity at the end of the arrow (vector) from O as it passes 
from points 1 to 7 is an instantaneous measure of the direc- 
tion and magnitude of the velocity change, i. e. the accelera- 
tion. : 

Now the applicability of the Hodograph to Mr. Roberts’ 
problem has long been known and is analyzed and applied 
as follows. The fact is that any monogenic function can be 


Figure 2—Analysis of Hodograph into Pcrpendicular 
Components. 


continuously resolved into two components at right angles 
to each other and its growth in time is proportional to 
their rate of exchange in time. 

If we turn Fig. 16 around and redraw it in Fig. 3, as a 
polar curve 1-2-3-4-5-6-7, which is z, a function of ox (real) 
and oy (imaginary) we may consider both ох and oy as 
dependent variables, both being functions of time. Hence 
we may consider them as velocities. 

Let us postulate that the velocity at 06 is а maximum. 
Hence the next elementary change in velocity 6-7 must be 
right angles to 0-6 and measures the acceleration of this 
maximum velocity. Then in Fig. 3 we decompose the velo- 
city 06 into an X-component OX corresponding to energy 
cyclically consumed, and into a Y-component OY, corres- 
ponding to energy cyclically stored. 

We now can lay off a shorter “maximum” velocity OX 
along 06, making OX' equal to OX. It is now obvious that 
the relative acceleration of OX’ is the same as 06, since the 
relative accelerations, 6-7 and X'—8' are the same. Hence 
the X-component, if it has been changing with time, must 
not change toward or away from R, but the acceleration 
must be at right angles to OR, from X, i.e. it must equal 
X—9 which equals X—8. 
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Thus the X component is “stationary” or its rate of 
change or acceleration is zero when X is the variable. A 
similar argument shows that the Y-component must be 
"stationary" when Y is the variable. 

Of course the device of considering a physical quantity 
like an impedance, as a velocity, has a priori no real justifi- 


IG. Axis of Energy Stored 


Axis of Energy 
Transformed 


Г 


izure 3—Decomposition of Physical Acceleration into 
Wattful and Wattless Components. 


cation, It is just a convenience. However, we have the 
comcidence that impedances in the A. E. M. system аге 
Velocities, an ohm being 10° em. per sec. whether wattful 
or wattless. 

For those who are not familiar with vectors the Hodo- 


£raph is thus an aid to physical visualization of a polar 
maximum. 


REPORT CONCERNING THE OBSERVATION OF 
THE INFLUENCE ON THE PROPAGATION OF 
RADIO-WAVES OF THE SUN ECLIPSE OF 
THE 14th OF JANUARY 1925 IN THE 
DUTCH EAST INDIES 


BY 
E. С. HOLTZAPPEL 


In order to observe the influence on the propagation of 
radio-waves of the sun eclipse of the 14th of January this 
Year, which lasted at Weltevreden (Batavia) from 0608 
G. M. T. till 0844 G. M. T., the wireless stations at Malabar 
(PKX on 15.6 km., ANA on 7.7— km. wave) and Tiililin 
(ANF on 30—Meter wave) both near Bandoeng (Java)— 
PKX and ANA at about 26 km. south, and ANF at about 
18 km. west from Bandoeng— were ordered to transmit 
simultaneously on the 13th, 14th and 15th signals on 15.600, 
1100 and 30 meters during the period 0300 С. M. Т. till 
10.00 G. M. T. 

The first wave was used by the 2400—kw. Poulsen arc 
(PKX), the second by the high frequency alternator of 
800=kw. (ANA) and the third by a 5—kw. short-wave 
transmitter at Tjililin (ANF). 

The foreign stations at Tananarive (Madagascar), 
Guam (Pacific), Cavite (Philippines) and Saigon (French 
Indo-China) were asked to listen in to those signa!s and to 
report the results and if possible transmit themselves during 
the time of the eclipse for observation at Bandoeng. 

Further orders were given to listen in to the stations in 
these Colonies at Sabang, Padang, Bengkalis, Palembang 
and Siteebondo, whereas our station of Bengkalis was asked 
to transmit on her Poulsen arc of 6 kw. on 1650 meter 
Wave; furthermore the private stations at Tarakan and on 
board ships were requested to observe the Bandoeng signals. 
Signals of different stations were observed at our receiving 
Posts at Rantja-ekek and Padalarang, both near Bandoeng 
and belonging to the Malabar system. 
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General results of these observations have been negative 
as was anticipated, that is, the observed influence of the 
eclipse on the propagation of radio signals has been almost 
inperceptible or did not exist at all. 

For the stations at a great distance from the track of 
the eclipse shadow on earth this could be expected, but 
even at Palembang and Tarakan, lying directly in this track, 
nothing has been observed of any such influence. 

The only exceptions were observed at Rantja-ekek with 
regard to the signals of Tananarive on 15600 m. and of 
Bengkalis on 1650 m. which were actually weaker during 
the eclipse. 

On the contrary the signals of Saigon at Rantia-ekek, 
and the Malabar signals at Sitoebondo during that period 
were much stronger than ordinarilly which indicates reflec- 
tion from the shadow zone. 
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INSTITUTE ACTIVITIES 


Annual Convention 


For three days beginning January 10th, the Annual 
Convention of the Institute was held. The attendance at 
all of the sessions was very good. At the opening meeting 
on the 10th the new officers for 1927 were installed and the 
Liebmann Memoriay Prize for the year 1926 was presented 
to Dr. Ralph Bown. There followed a paper on “The Cor- 
relation of Radio Reception with Solar Activity and Terres- 
trial Magnetism" presented by Dr. G. W. Pickard. Much dis- 
cussion followed. In the afternoon of this day many of the 
convention attendants visited the American Telephone and 
Telegraph Company's station on Walker Street. At 8 P. M. 
Dr. E. F. W. Alexanderson gave a talk, illustrated with 
apparatus set-ups, lantern slides, and moving-pictures on 
the General Electric Company's progress in transmission 
of photographs at a high rate of speed. The auditorium was 
packed to capacity at this meeting. On January 11th a paper 
by Professors Hugh A. Brown and Charles T. Knipp on 
"The Behavior of Alkali Vapor in Detector Tubes" was read. 
À series of informal discussions followed. In the afternoon 
trips were made to the Electrical Testing Laboratories, Dub- 
lier Radio & Condenser Corporation, and the Federal 
Brandes Products Corporation. At 8 P. M. on this evening 
à paper by D. K. Martin on “Simultaneous Transmission of 
Broadcasts by Chain Stations on the Same Wave Lengths” 
Was read by Mr. Martin. The last day of the convention, 
January 12, started off with four inspection trips; the Radio 
Corporation of America's transoceanic terminal apparatus 
station, the Driver-Harris Company, studio and control 
room of WEAF and the studio and control room of WJZ. 
Inthe afternoon a paper by W. A. McDonald was read. The 
subject of this paper was “The Importance of Laboratory 
easurements in The Designs of Radio Receivers." The con- 
vention closed with the banquet at the Waldorf-Astoria 
Where about three hundred members were present. Mr. D. 
Rigney acted as toast-master introducing one form of light 
entertainment after another until the session was officially 
brought to a close at midnight. 
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6$ Institute Activities 


LUNCHEON FOR RETIRING PRESIDENT 


On the first day of the Convention, January 10, a lunch- 
eon was given at the Fraternity Club to retiring president 
Donald McNicol. The affair was attended by six past-presi- 
dents and by officers who were in attendance at the first 
day’s sessions. Those present were: Donald McNicol, Dr. 
M. I. Pupin, Dr. J. H. Dellinger, Dr. Ralph Bown, Dr. G. 
W. Pickard, J. V. L. Hogan, Lloyd Espenschied, Laurens E. 
Whittemore, Raymond A. Heising and R. H. Marriott. 


JANUARY MEETING OF BOARD OF DIRECTION, JANUARY 5, 1927 


At the meeting of the Board of Direction, held at Insti- 
tute Headquarters on January 5th, the following were pres- 
ent: Donald McNicol, President; Dr. Ralph Bown, Vice- 
President; R. Н. Marriott, J. V. L. Hogan, W. К. Hubley, 
and J. M. Clayton, Assistant Secretary. The members of the 
Board counted the ballots in the annual election of officers, 
the result being as follows: for President, Dr. Ralph Bown; 
for Vice-President, Frank Conrad; for Managers, R. A. 
Heising, and J. F. Dillon. Three additional managers are to 
be appointed at the February meeting of the Board to fill 
the terms of the three members leaving the Board. 

The following were transferred to Member grade: Wil- 
son Aull, and Clair D. Mitchell. The following were elected 
directly to the grade of Member: A. G. Lee, J. R. Land, 
Valerian Bashenoff, J. L. Bain, Jr. R. Martin. L. С. Pacent 
was transferred to the grade of Fellow. 

One hundred and fifty-eight Associate members and 19 
Junior members were elected. Treasurer Hubley submitted 
a statement of the disbursements for the year 1926. 


SECTIONS COMMITTEE 


The Sections Committee, D. H. Gage, Chairman, held a 
meeting at the Institute Headquarters on January llth. A 
number of out-of-town Section Chairmen and representa- 
tives of different Sections were present. Many matters of 
importance in the organizing and managing of Sections 
were discussed. Much work was done toward standardizing 
the procedure to be followed in establishing a Section. 
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News of the Sections 
Los ANGELES SECTION 


The Los Angeles Section held a meeting in the Commer- 
cial Club of Los Angeles on December 20th. Mr. Edward 
H. Gilford presented a talk on “Locating Unknown Metal 
Deposits by Radio, or Re-Radiation Applied to the Locating 
of Unknown Conductors.” A general discussion followed. 
Forty-seven members attended the meeting which was pre- 
ceded by a dinner. 


CANADIAN SECTION 


The Canadian Section held a meeting on the evening of 
January 5th at the Electrical Building, University of Tor- 
onto. Mr. Hepburn, Chairman, presided. Mr. V. G. Smith 
of the University of Toronto, presented a paper on “A 
Mathematical Study of Radio Frequency Amplification.” 
This paper was discussed by C. I. Soucy, A. M. Patience and 
others. Due to the resignation of G. F. Eaton, Mr. Patience 
was elected Vice-Chairman. There were forty-six members 
present. 

The next meeting of the Section will be on February 2nd 
in the Electrical Building of the University of Toronto at 
which time Mr. R. Н. Langley will present a paper "Invest- 
igation Into Broadcasting Conditions." 


Appointment of Assistant Secretary 


The Board of Direction of the Institute has employed Mr. 
John M. Clayton as Assistant Secretary of the Institute. Mr. 
Clayton will be permanently located at headquarters, 37 
West 39th Street, New York, and will have direct charge of 
office management, records, correspondence, and all matters 
pertaining to Institute activities. 

Mr. Clayton has for some years been assistant technical 
editor of QST Magazine, of the American Radio Relay 
League, Hartford, Conn. He is well versed in radio engineer- 
ing literature, is familiar with the business of radio organi- 
zations and has a wide acquaintance among radio en- 
gineers throughout the United States and Canada. He took 
ир his duties with the Institute beginning January 1, 1927. 
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OPENING ADDRESS OF DONALD McNICOL 
RETIRING PRESIDENT 


Annual Meeting and Convention, Institute of Radio 
Engineers, January 10, 1927. 


This meeting is the opening session of the fifteenth 
annual meeting of the Institute of Radio Engineers. Begin- 
ning in 1926 the annual meeting was conducted in connec- 
tion with a Convention continuing over several days. The 
1926 Convention was the first gathering of the kind carried 
out by the Institute. The meeting was an outstanding suc- 
cess and it is likely that the Conventions will become per- 
manent annual events. 


From one standpoint it can be imagined that the public 
may view with little patience the holding of a three-days 
convention by radio engineers. There is no other art, no 
other science, in which the public has taken or is taking so 
keen an interest, such a proprietary interest, as in radio. 
Even the Doctors of Medicine, and surgeons, who deal with 
the affairs of physical well-being—with life itself—are per- 
mitted to carry on their researches in their own construc- 
tive, if leisurely way, without being assailed as delinquents. 
And, when the best these savants can do to outwit parasitic 
influences, and to destroy malignant interferences, fails, 
they are forthwith absolved on the ground that the purposes 
of destiny or fate must be served. 


The public demands of radio engineers solution of elec- 
trical and meteorological problems involved in establishing 
and maintaining year ’round, satisfactory radiophone trans- 
mission and reception. 


Had the popular use of radio for entertainment purposes 
not been precipitated at a time when but a small number of 
engineers had become proficient in the art it is probable 
that advance for a time would have been conducted along 
lines other than that of broadcasting. 


It is true, of course, that the great pressure brought 
upon the engineer to unravel the difficulties of electrical 
transmission over an uncontrollable medium have served to 
hasten desirable results. And, measured by the achieve- 
ments of the past five years much has been accomplished. 
To realize the extent of the advance it is necessary only to 
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view the best of the equipment in use five years ago and to 
recall the cacophonous emenations vibrated by the horns of 
1921 into the virgin air. 

However, we shall hope that the public will be indulgent 
and await the close of this convention before demanding 
More and Better Radio. 

Some day one of us тау have the leisure to write a story 
about the intellectual rise in radio. If the job is well done 
it is likely that a very interesting picture will be developed 
recording the purely electrical advance up to the point where 
a metal conductor between the source of power and the de- 
vice to be operated no longer remained a necessity. Thence- 
forward the account will be less difficult to prepare histori- 
cally because of the large amount of written matter avail- 
able, produced by physicists, engineers and students engaged 
in carrying on research and experiments. 

The elementary but spectacular ‘spark’ operation for 
telegraph purposes, for a decade prior to the advent of the 
Audion, enabled communication engineers to get used to 
the idea of wireless working. 

The chronicler will perhaps need to exercise a sort of 
journalistic charity while dealing with radio advance from 
1906 until 1912, but from the latter year forward when 
the possibilities of the wonder-working three-eelctrode tube 
were fully realized, the science has progressed to the stage 
where every man’s house has a pair of ears—or, at least, an 
ear. It is a magic ear—one not only with which the listener 
may hear the Sunday sermon a few blocks distant from his 
morris chair, but with which he purposes to overhear 
neighborhood gossip taking place in a hamlet across the 
continent, or across the seas. 

Indeed, even now, the secrets of the laboratories leaking 
out, every man will soon require that he be enabled at will 
visually to observe what is taking place at any point in the 
country where his inquiring eye may desire to roam. 

A few years ago these developments were of the stuff 
of which dreams are made. The task of the radio engineer 
is to make these dreams come true, and the part which the 
Institute of Radio Engineers has played and shall continue 
to play in this realization is of the first importance. 

In the beginning, fifteen years ago, the Institute was 
nursed into being by an earnest, enthusiastic, small group 
of amateurs, who were in fact the engineers of their day. 
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From 1912 until 1924, the Institute existed mainly for 
the purpose of holding periodical technical meetings in 
New York and for the purpose of financing the publication 
of radio technical papers ; until 1915 groups of papers were 
published four times each year, and from 1916 until 1926 
inclusive the Proceedings have been published six times each 
year, and with the January, 1927, issue the Proceedings are 
to be published monthly. 

In 1924, President More-roft introduced and fostered 
several organization and management betterments which 
paved the way for the aggressive, constructive admin- 
istration of Institute affairs carried on by President Dellin- 
ger throughout the year 1925. These years witnessed mark- 
ed gains in Institute development, activities and usefulness. 

At the time the Institute was organized in May, 1912, 
there were less than fifty members. On June 1, 1914, there 
were 79 Members and 311 Associates. On January 1, 1916, 
there were 39 Fellows, 108 Members, 764 Associates and 73 
Juniors; a total of 984. On January 1, 1922, the total was 
1600, all grades, and on January 1, 1926, 2300, all grades. 
On January 1, 1927, the total membership was approxi- 
mately 3,800. 

The gratifying increase in membership during the past, 
two years has been due largely to further development of the 
Section idea. 

The Washington Section was organized in January, 
1914; the Boston Section in November, 1914; the Seattle 
Section in February 1915, and the San Francisco Section in 
1916. 

The Chicago and Toronto Sections were organized in 
the summer of 1925, and in 1926 Sections have been organ- 
ized in Rochester, N. Y.; Los Angeles, Calif.; Hartford, 
Conn., and the Philadelphia Section reorganized. During the 
year 1926, in addition to the eleven New York meetings, 
forty-nine meetings were conducted by the various Sections, 
at which technical papers were presented. 


PUBLICATIONS 


In 1926 a Year Book was published containing a com- 
plete list of the membership, together with a considerable 
amount of other matter of interest to members. 

In the Proceedings forty-two technical papers were pub- 
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lished, and supplies of pamphlet copies of all papers pre- 
sented at New York were distributed at the meetings. 


. Work was begun on an Index of all papers presented be- 
fore the Institute 1913 to 1926, inclusive. 


Information has been gathered for the publication of a 
Year Book to be printed early in 1927. 


Diplomas have been issued to Fellows and Members, 
and membership cards to Associates. 


If among new features of management introduced in 
1926, any may be noted as being an innovation, we might 
refer to the effort put forth to bridge over the gulf which 
in learned societies often separates the younger men and less 
experienced members from the advanced engineers and 
leaders in the science. 


There is need and opportunity for further development 
along this line, but in the past year we have succeeded in 
having present at New York meetings many of the outstand- 
ing leaders in radio science, so that the younger men, large- 
ly in the majority, might become acquainted with and listen 
to oral discussion presented by engineers recognized as 
authorities. 


Both expert and novice have been given opportunity to 
speak from the floor on the subjects presented at meetings. 
Already there is evidence that from this good has followed. 


After all, the Institute’s main purpose is to disseminate 
engineering information bearing on the present problems of 
radio, and it is plain that methods followed to set forth and 
to interpret the laboratory achievements of the physicists 
are successful and widely useful in proportion to the num- 
ber of students who leave each meeting with knowledge 
gained of such advances and with clearer understanding of 
fundamentals. - 


MEETINGS AND PAPERS COMMITTEE 


The Meetings and Papers Committee during the past 
year, under the direction of R. H. Marriott, provided excel- 
lent papers for all meetings and for the pages of the Pro- 
ceedings. The committee held regular monthly meetings 
during the year and carried on a continuous correspondence 
for the purpose of procuring suitable papers for presenta- 
tion. 
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MEMBERSHIP COMMITTEE 


The Membership Committee, H. F. Dart, chairman, was 
thoroughly active throughout the year. Much of the sub- 
stantial gain in membership is directly due to the work of 
this committee. Regular monthly meetings were held, usual- 
ly in the evening, and there were many meetings of sub- 
committees. 


ADMISSIONS COMMITTEE 


This committee, Ralph Bown, chairman, held monthly 
meetings throughout the year. During the year the com- 
mittee approved five applications for transfer to Fellow 
grade; sixty-seven applications for transfer from Associate 
to Member grade, and fifty-four direct elections to Member 
grade. 

Twenty-four applicants for Member grade were recom- 
mended for Associate grade; seventeen applicants for trans- 
fer from Associate to Member grade were not approved, and 
four applications for transfer to Fellow grade were not 
approved. | 


STANDARDIZATION COMMITTEE 


The Standardization Committee, L. E. Whittemore, 
chairman, has had a number of meetings during the year, 
the work done being preliminary to a revision of the 1926 
Standards Report, to be published perhaps in 1928. 


SECTIONS COMMITTEE 


The Sections Committee, David H. Gage, chairman, is 
to be credited with much of the work done toward rehabili-. 
tating the activities of the older Sections and organization 
of the new Sections. The Committee has in hand construc- 
tive plans looking to the establishment of one or two addi- 
tional Sections. 


COMMITTEE ON PUBLICITY 


The Committee on Publicity, W. G. H. Finch, chairman, 
has procured for the Institute a very gratifying amount of 
Space in daily newspapers and radio periodicals. All of the 
New York meetings of the Institute have had satisfactory 
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prior notice in news sections of dailies, and a considerable 
amount of matter relating to Institute activities has been 
published in weekly and monthly periodicals. The committee 
also has had entire charge of the extensive publicity given 
the conventions, and has attended to details of circulariza- 
tion and printing. 


ADVERTISING AND NEWS NOTES IN PROCEEDINGS 


The agency having charge of the procurement of paid 
advertisements for the Proceedings has done good work 
during the year as is evidenced by the number of full-page 
advertisements appearing regularly in those pages. With 
the Proceedings on a monthly basis the advertising space 
occupies should materially increase. 

The new feature of incorporating in the first six or seven 
pages of each issue of the Proceedings notices, reports and 
news items of interest to members has had a particularly 
beneficial effect in increasing the interest of Institute mem- 
bers in all parts of the country, and Canada, in the activi- 
ties of the officers and of the committees. 


PRESENTATION OF THE LIEBMANN MEMORIAL PRIZE 


The Institute each year makes two awards to radio in- 
vestigators in recognition of noteworthy inventions or other 
meritorious developments in radio technique. 

One award, the Institute Gold Medal of Honor has been 
awarded annually since the year 1918. The following en- 
gineers have received this prize: E. H. Armstrong, E. F. W. 
Alexanderson, G. Marconi, R. A. Fessenden, Lee De Forest, 
John Stone, M. I. Pupin and G. W. Pickard. 

The Liebmann Memorial Prize consists of five hundred 
dollars in cash, being the annual interest on a sum of money 
‘presented to the Institute for the purpose of maintaining 
the award. This prize is awarded by the Board of Direction 
of the Institute each year to the engineer who has made 
what is clearly the most outstanding valuable contribution 
to the art and science of radio during the previous year. 

Engineers who have received this prize since it was 
established in the year 1919, are: Leonard F. Fuller, Roy 
A. Weagant, Raymond A. Heising, C. S. Franklin, H. H. 
Beverage, John R. Carson and Frank Conrad. 

The elements of mystery bound ир in the term "Radio 
Transmission Phenomena" have a different meaning for 
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the average non-technical broadcast listener, than for the 
radio engineer. The radio engineer is at all times several 
giant steps ahead of the merely curious devotee of the art. 
Even in the profession of radio engineering these are grades 
through which the studious and the ambitious may progress. 
An engineer’s first-hand, exact knowledge of radio trans- 
mission phenomena may well be regarded as a test of his 
fitness to occupy a place in an advanced grade. 

This year the Institute awards the Liebmann prize to 
an engineer whose researches and investigations into the 
more difficult element of transmission phenomena have 
resulted in giving us extensive and useful additions to exist- 
ing knowledge. 

Itis my privilege to hand to Dr. Ralph Bown, this award, 
Which goes to him with the respect and admiration of the 
members of the Board of Direction, and I am sure, with the 
congratulations of every member of the Institute, both here 
and abroad. 


INTRODUCTION OF NEW OFFICERS 


The next and final duty which rests upon me is to intro- 
duce the president-elect and vice-president elect. 

Due largely to the great growth and extension of radio 
engineering and to the interest taken by the members in 
the affairs of the Institute, the organization now occupies a 
place in the family of engineering associations approaching 
in prestige and importance that enjoyed by the older and 
larger engineering groups. 

The office of president of the Institute of Radio Engin- 
eers has become one in which there is great opportunity 
for constructive doing. The prestige of the Institute as 
an engineering source is widely recognized. The member- 
ship of the Institute is made up mainly of comparatively 
young men who look to the organization for instruction, for 
technical information and for opportunity to meet and min- 
gle with their fellows. 

The president’s task is to initiate and support Institute 
activities which will insure the availability of these facilities 
to all members no matter where they may be situated. The 
gentleman this year elected to occupy the chair is well quali- 
fied to carry forward the interests of our beloved Institute 
to higher levels and to greater usefulness. I take pleasure 
in presenting president-elect Dr. Ralph Bown. 


Digitized by Google 


RESPONSE ОЕ DR. RALPH BOWN 


Incoming President of the Institute of Radio Engineers 


I wish to say to you frankly that I am glad to be Presi- 
dent of this Institute, that I will do all in my power to be 
worthy of the responsibility and will carry out the duties 
of the office to the best of my ability. 

I feel sure that in many respects I will be unable to 
reach the standard of performance exhibited by our retiring 
President, Mr. McNicol. The devotedness with which he 
has served the Institute in the past year, while well known 
to the Board of Directors, is not sufficiently known to the 
membership at large. To him we owe great advances in the 
business operation of the Institute. He has devoted probably 
more than half his time to Institute affairs and has been 
particularly active in aiding the growth of our various sec- 
tions. He has just finished presenting to you a report of 
various activities of the Institute during the past year and 
some of the plans which have been made for the present 
year. That report is so complete that I hesitate to burden 
you with anything further of the same character, so I think 
that it would perhaps be more fitting if I spent a few min- 
utes in drawing your attention to some other aspect of Insti- 
tute affairs. I have in mind some reflections which have 
been engendered by the opportunity I have had during the 
past year to meet a number of our foreign members. Or 
perhaps I might better say of our members in foreign 
countries, since the Institute is so organized that the nation- 
ality of a member has no relation to his membership status. 
In this respect at least, the Institute may be said to be 
international or world wide in scope. 

The total number of foreign members on Janay Tth 
was 412 or slightly more than 10 per cent. of our entire 
membership. Many of these are distinguished engineers of 
world-wide fame such, for instance, as Senator Marconi, the 
inventor of wireless telegraphy, Valdemar Poulsen, inven- 
tor of the Poulsen Arc, J. Zenneck, the well-known German 
engineer, E. H. Shaughnessy, Assistant Engineer-in-Chief 
of the British General Post Office, C. P. Edwards, Director 
of Radio Service of the Canadian Government, to mention 
only a few. 

If the foreign membership were represented in this 
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meeting today in the same ratio as the domestic membership, 
they would make a very impressive showing and occupy a 
goodly allotment of seats. 

The greatest concentration of foreign members is in 
England, there being 235 or more than half the total num- 
ber. One reason for this is that the Proceedings of the In- 
stitute are printed in the English language and they carry 
technical papers which all radio engineers find to be of in- 
terest and value. Perhaps this explains also why Japan is 
prominently represented by 27 members since the English 
language is frequently used by Japanese engineers and 
scientists. 


It is not uncommon to hear foreign members character- 
ize the Proceedings as the best thing of the kind available in 
the world. Many foreign members have become members 
because they wish to obtain the Proceedings and member- 
ship is the most satisfactory way to obtain them. Perhaps I 
should have used the past tense in these remarks, because 
there seems already to be growing up in the foreign field 
a feeling that membership is desirable also because of the 
prestige and professional standing which it implies. And 
this something we call 'prestige"—this intangible asset 
which we are beginning to acquire—I believe we should 
guard jealously and foster wisely not only abroad but at 
home. It is a young and tender plant which we should nur- 
ture and cultivate to vigorous maturity as time goes on, for 
upon it rests in large measure the power of the Institute to 
serve the public interest and to benefit its individual mem- 
bers. 

In doing this, we must remember that the Institute is 
distinctly American in principle. It does not aim to obtain 
prestige by virtue of having its membership restricted to 
a select few who have passed many tests and have acquired 
sufficient professional standing to add luster to its rolls—on 
the contrary, it endeavors to enroll and benefit anyone who 
is interested in radio engineering. To be sure, its higher 
grades of membership necessarily represent greater pro- 
ficiency in the art, but suitable grades are open to any who 
have a sincere desire to associate themselves with radio en- 
gineering work. It is a distinctly democratic organization. 

High standing, therefore, must flow from recognized 
high standards and utility of its output. The actions of its 
governing board must be wise and sound and free from any 
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partisan influence. The reports of its technical committees 
must be authoritative and valuable to the radio industry and 
to the public generally. The papers which are read and dis- 
cussed at its meetings must be well written presentations of 
important matter of broad interest, avoiding the trivial and 
self-seeking. And perhaps most important of all, its Pro- 
ceedings must be maintained at the high standard of the 
past and improved wherever opportunity offers. 

We have grown mightily in numbers in the past few 
years. Let us see to it that we grow even more in utility and 
in the dignity of service. 
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THE CORRELATION OF RADIO RECEPTION 
WITH SOLAR ACTIVITY AND TERRESTRIAL 
MAGNETISM’ 


BY 
GREENLEAF W. PICKARD 


(Consulting Engineer, The Wireless Specialty Apparatus Company, 
Boston, Massachusetts.) | 


(Communication from the International Union of Scientific Radio Telegraphy) 


One of the outstanding problems today is the nature and 
cause of those atmospheric changes which produce such 
diversified effects as weather, magnetic storms and distur- 
bances of radio reception. The problem is meteorological; 
if this earth has no atmosphere there could be no weather, 
on an airless planet there could be no long distance com- 
munication at broadcasting and higher frequencies and I 
think magneticians will agree that the phenomena of ter- 
restrial magnetism would be altered if the atmosphere were 
removed. ` mE | 

The only known important force which acts upon the 
atmosphere is the complex radiation and emission from 
that variable star which we call the sun. Changes in this 
force are caused in two ways; first by the movements of 
the earth with respect to the sun, and second by actual var- 
lations in solar radiation. If the sun maintained a constant 
radiation, we should have only to consider the earth’s rota- 
tion on its axis, which gives us night and day, and its move- 
ment in an orbit around the sun, which by the changing 
angle of the solar rays gives us the seasons. If these move- 
ments Were the only factors involved, weather, terrestrial 
magnetism and radio reception would follow the calendar to 
a far greater extent than our measurements indicate. 

But in the scheme of things as they are, we find that 
weather does not go according to the calendar, nor does 
radio reception. The visual evidence of sunspots, faculae 


"Received by the Editor December 20, 1926. 
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and prominences tells us that the sun is periodically dis- 
turbed, and measurements of the light and heat received by 
the earth have shown that this varies in general correspon- 
dence with visible changes on the sun’s disk. Through the 
work of Abbott and Clayton’ definite relations have been 
established between solar changes and weather, which have 
already been usefully applied to weather forecasting. 

Less definite today is our knowledge of the short wave 
and corpuscular radiation from the sun, which cause ioniza- 
tion and electrical currents in the atmosphere, and even 
chemical changes. Our only direct indices of these radia- 
tions are such things as disturbances of terrestrial magne- 
tism, atmospheric electricity and radio reception, atlhough 
over long periods they are highly related to sunspots and 
other visible changes of the sun’s surface. And as radio 
research has not yet become a pure science, we do not have 
such systematic records to study as those gathered through 
the years by astronomical and magnetic observatories. 

One purpose of this paper is to emphasize the impor- 
tance of systematic long-period observations of radio recep- 
tion; it is not an overstatement to say that the picture we 
hope to draw of the relations of earth and sun is in material 
part dependent upon such measurements. But at the present 
time I cannot present a full account of the correlation 
between radio reception, solar activity and magnetic dis- 
turbances, for the simple reason that I have not yet the 
right sort and amount of data. This paper is therefore 
merely a progress report setting forth the results so far 
obtained, which I believe are now sufficiently definite to be 
of interest to other workers in this field. 

Several times in the past twenty years I have attempted 
systematic measurements of rezeption from distant stations, 
in the hope of finding some correlation with other elements. 
In 1906 I devised’ a method of accurately measuring received 
energy from a distant spark station, and for several months 
in that year I made almost nightly observations at Ames- 
bury, Massachusetts, of the energy received from station CC 
at South Welfreet, Massachusetts, distant 145 kilometers 
and onerating at 167 kilocycles. I found that the received 


IWolar Radiation and Weather, or Forecasting Weather from Observations 
of the Sun. H. H. Clayton, Smithsonian Miscellaneous Collections, Vol. 
77, No. 6, June 20, 1925. 
Solar Activity and Long Period Weather Changes. H. H. Clayton, Smith- 
sonian Miscellaneous Collections, Vol. 78, No. 4, September 30, 1926 

"The Measurement of Received Energy at Wireless Stations. Electrical 
Review, December 15, 1806. 
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energy fluctuated over a wide range from day to day, but 
there was no apparent correlation between these values and 
either sunspots, terrestrial magnetism or meteorological 
elements. I am now satisfied that in this series the prin- 
cipal fluctuations were due to changes in the radiation of 
the transmitter, which was far from constant in either 
power input, frequency or antenna current. 


In 1909' I again began a series of reception measure- 
ments in Amesbury from station GB at Glace Bay, Nova 
Scotia, using the audibility meter method of measuring sig- 
nal intensity. These measurements were repeated at my 
suggestion by Messrs. Dolbear and Proctor in 1911. 
Although this series determined an interesting sunset and 
dawn effect? at the time no correlation was found with other 
elements, More recently I have correlated the night meas- 
urements of this series with van Dijk's daily values for the 


nus magnetic character of days', with the result shown 
elow. 


Reception Mean Magnetic 
Date Deviation Character of 
From Mean Day. 
January 30, 1909 1.04 1.7 
July 25, " 1.37 0.3 
bay 0.63 0.7 
March 9, 1911 1.41 0.2 
б 11-12, ” 1.60 0.1 
13-14, °’ 0.92 0.7 
ha 15-16, ° 0.25 0.7 
d 17-18, " 0.73 0.1 
bs 21-22, ” 1.15 1.4 
Е 22-23, " 0.94 1.3 


The correlation here is r-=—0.214+ 0.204. This is of 
course a mathematical equivalent of the Scotch verdict “пої 
Proven”, but the negative coefficient of correlation is inter- 
esting In view of my later work, in which an inverse relation 
With solar and magnetic measures was definitely found. 
Those familiar with correlation work will realize that this 
series Was too short for definite results, as it consisted of 
only ten terms. I am also doubtful of the constancy of the 
transmitter from night to night. 


——— — ——- 
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Principles of Wireless Telegraphy’’ С. W. Pierce, New York. 1910, page 135. 


The Effects of Sunlight on the Transmission of Wireless Signals, by В. L. 
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. pages 321-323. 
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In one of those all-too-rare compilations of reception 
data, Marriott has given ' a tabulation of the variation in 
nightly range of station DF at Manhattan Beach, New York, 
over the period October 12, 1908 to October 15, 1909. 
According to the records of Cheltenham Observatory, Mary- 
land' this interval included 33 magnetic storms, one of these 
—September 25-26, 1909— being the most severe of which 
we have any record. An examination of Marriott's Chart 
No. 3, Fig. 1 will show that no less than 26 of these storms 
coincided with depressions in the range curve. 


Figure 1.—Moving monthly averages of sunspots, magnetic character 
of days and reception from WBBM, Chicago. 1926. 


Throughout 1909 I kept a reception log at Amesbury, 
and in this I also find unmistakable coincidences between 
low reception and magnetic storms. Оп the evening of 
September 25 of that year DF was heard but once, with a 
maximum audibility of 2. On the evening of the 26th DF 
was not audible at any time, and for several evenings there- 
after reception from this station was abnormally low. As 
I shall show later, our earth recovers its magnetic equilib- 
rium much more rapidly after a magnetic storm than does 
the coincident depression in radio reception. It is as if some 
force dealt the earth a blow, simultaneously disturbing its 
magnetic state and so altering the atmosphere as to lower 
radio reception. Long after the electrical movements which 
produce the magnetic storm have subsided, the atmosphere 
apparently remains unfavorably ionized with respect to 
radio wave transmission, save at the ultra high frequencies. 


'Radio Range Variation, by Robert H. Marriott, Proceeding3 of the Institute 
of Radio Engineers, Vol. 2, No. 1, March, 1914, pages 37-53. 

‘Terrestrial Magnetism and: Atmospheric Electricity, Vol. XIV, No. 1, page 
40; No. 2, page 86; No. 3, page 153; No. 4, page 182. 
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Beginning with the advent of broadcasting, I recommend 
once more a systematic measurement of field intensities 
from distant stations, at first (in 1922) by audibility meter, 
and later (in 1923) by continuous photographic recording’. 
1 again began to notice coincidences between magnetic 
storms and depressed reception despite the fact that the 
first years of broadcasting fell in a happy period of mini- 
mum solar activity and a magnetically quiescent earth. For 
convenient reference I give below a list of the magnetic 
storms of the broadcasting era, with their intensities in 
gammas. This magnetic unit is 0.00001 gauss, and corres- 


Principal Magnetic Storms, 1922-1926 Cheltenham. 


Date Range in Gammas 

April 21-22, 1922 
September 13-15, ” 
October 5-7, " 

March . 24-25, 1923 
September 26-28, " 
November 15-17, ” 

January 29-30, 1924 
May ve 
June а 
June R 
September d 
* September и 

1925 


September 
September 
September 
September 
October 
November 
January 
February 
March 
April 

May 

June 
September 
September 
September 
October 


ponds approximately to one twenty-thousandth of the 
earth’s normal horizontal field at Cheltenham. Although in 
the ordinary magnetic storm the change in horizontal 
force is only of the order of one per cent, during the great 
storm of September 25-26, 1909, there was a change of 
nearly thirteen per cent in horizontal field. 


"Short Period Variations in Radio Reception, Proceedings of the Institute of 
Radio Engineers, Vol. 12, No. 2, April, 1924, pages 119-158. 
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A search through newspaper files will show in the radio 
columns reports of poor broadcast reception coinciding with 
practically all of the above listed storms. Of this I will 
give one example. In the Boston Post of September 29, 1923, 
appeared the following: 

Unusual radio conditions are seriously hampering reception at the 
present time. This condition was noticeable about thi3 time last year 
and continued for nearly à week, and has caused trouble for the past 
two nights. The cause is unknown and while there is hardly & trace 
of static or fading, it is impossible to tune in stations with any degree 
of success. While werful stations like WGY, WMAF and others in 
New York and Philadelphia may be coaxed in, they seem to cause а 
click in the phones and disappear, leaving а hum or air rushing sound 
in the phones. Hundreds of fans listening in during the past two 
nights have started looking over their sets, changing tubes and bat- 
teries and even taking them down. Don't be surprised if this con- 


dition continues. The trouble is not with the set but with unusual 
receiving conditions. 


The reference to “about this time last year" is to a per- 
iod from September 13 to 17, 1922, when the then small but 
rapidly growing army of broadcast listeners found distant 
reception poor or impossible. There was a magnetic storm 
September 13-15, 1922. Similarly, there was another storm 
September 26-28, 1923, coinciding with the distressful inter- 
val so graphically set forth in the quotation above. 

Although as I have indicated above, both the technical 
and popular literature of this art contain sufficient recep- 
tion data to show a distinct relation to terrestrial magne- 
tism, an accurate knowledge of this and other correlations 
requires systematic measurements over long periods. An 
ideal series would consist of daily observations covering the 
entire radio spectrum over at least a sunspot cycle of eleven 
years. But this art's solitary boast in such measurements is 
Austin's series beginning in 1914, of Washington reception 
from Nauen and other European stations. Unfortunately 
the low frequency end of the radio spectrum is not particu- 
larly sensitive to solar disturbances, and has a distracting 
relation to certain meteorological elements, so until recently 
I have not found solar and magnetic relations in this series. 

The most sensitive part of the radio spectrum appears to 
be that band set apart for broadcasting, and more particu- 
larly that part from 1000 to 1500 kilocycles. From the view- 
point of this investigation, this is a most fortunate coinci- 
dence, for among the radio stations of this world only the 
broadcasters run ''keylocked" for hours each evening, and 
their unbroken radiation permits a precision of measure- 
ment impossible with telegraphically modulated transmit- 
ters. 

During the fall and winter of 1925 I made an extended 
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Survey of night reception from distant broadcasting sta- 
tions, in which I found that in general these stations swung 
together, a bad night for one being usually a bad night for 
all. And although I had previously found that short period 
fading is most violent from stations at moderate distances, 
it appeared that the greatest differences in mean field from 
night to night were for stations over a thousand kilometers 
distant, and operating at the high frequency end of the 
broadcast band. Finally I selected WBBM at Chicago, oper- 
ating at 1330 kilocycles, as the best available station for 
Systematic measurements, and early in 1926 I began a series 
of nightly measurements of this station which have carried 
through to date without substantial break, and which I hope 
to continue for at least a year. 

The night field from a distant broadcast station is far 
from uniform, varying in a semi-periodic manner from 
minute to minute. The amplitude of these fluctuations is so 
great that no single measurement gives any true idea of 
the mean field, so it is necessary to either take a large num- 
ber of separated readings and average them, or, better, to 
make a continuous record for at least an hour, and then find 
the mean field by planimeter measurement. Owing to the 
fact that WBBM shares the frequency of 1330 kilocycles 
with another Chicago station, WIBO, and to the change in 
Schedule caused by daylight saving time, there is but one 
hour each evening, 9-10 p. m., 75th meridian time—which 
can be used throughout the year. With the exception of 
July, August and September, the field from WBBM has been 
measured at Newton Centre, Massachusetts. During the 
summer the measurements were made at Seabrook Beach, 
New Hampshire, after an overlapping series of observations 
had shown that on the same evening there was no appre- 
ciable difference in mean field at these two points. 

As I have already given the method of making such 
records' this will not be described here. Ап open antenna 
with an effective height of eight meters was used, with a 
superheterodyne receiver operating the recorder galvano- 
meter. The record scale was calibrated by introducing a 
known radio frequency voltage in the antenna circuit, Rob- 
erts" ingenious arrangement being used as the source of 
high frequency. 

The nightly field measurements from January to the 


“Generation and Measurement of Weak Radio-frequeney Currents. W. van 
B. Roberts. Journal Franklin Institute, 201, pages 301-310, March 1926. 
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end of November, 1926, are given in an appended table. For 
nights when WBBM was not operating—Monday night 
of each week is a silent night for all Chicago stations—or 
when for any reason I was unable to make observations, I 
have included an approximate value based upon either 
reception from a group of other stations and designated by 
“e”, or by the arithmetic mean of the values for the nights 
on each side, indicated by ‘‘m’’. In all cases the table gives 
mean field in microvolts per meter for the period 9-10 p. m., 
75th meridian time. This tabulation will perhaps be useful 
to other investigators, particularly for correlation with solar 
or meteorological elements. D 

' In the analysis of reception data I have made extensive 
use of moving averages" both for the purpose of showing 


Figure 2.—Sunspots, magnetic character of days and reception, mov- 
ing monthly averages in broken line. 1926. 


general trends over long periods, or of short-time fluctua- 
tions. The principal periods which I have used are the 
week and the month; for all geophysical data this latter 
period should be made 27 days, in order to eliminate a solar 
period. 

In Fig. 1 the lower curve is a moving monthly average 
of WBBM reception from March to October, 1926, in micro- 
volts per meter mean field. Above this, with inverted ordi- 
nates, is а moving monthly average of magnetic character 
of day numbers, as given by the Cheltenham Observatory. 
It is clear that these two curves march together, and a cor- 
relation between these elements on a monthly average basis 
gives r——0.89-+ 0.06. This is good correlation, for the 


"First Course in Statistical Method” by G. Irving Gavett, New York, 1925, 
pages 207-209. | 


* 


Pickard: The Correlation of Radio Reception with Solar Activity 91 


coefficient is high and nearly fifteen times the probable 
error. The upper curve of this figure is a moving monthly 
average of the Wolfer Provisional Sunspot Numbers, and 
has no clear relation to reception or magnetic measures, 


Mean fleld in microvolts per meter at Newton Centre, Muss., from WBBM, Chicago, 9-10 P. M., 1926. 
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creased power, and fields from then on are reduced to a basis of 10 amperes 


in the antenna, which was the current from January 10, to November 4. 
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either by inspection or actual correlation on a monthly 
basis. 

But in Fig. 2, which gives in full-line a portion of the 
three curves of the preceding figure, I have superposed on 
the moving monthly averages a broken line represently 
moving weekly averages. Now relation can be seen between 
sunspots, terrestrial magnetism and reception, as the broken 
line curves, which represent deviations of weekly averages 
from monthly means, are obviously similar. An increase of 
solar activity, indicated by a part of the broken line below 
the monthly average or full-line axis, is paralleled by an 
increase in magnetic disturbance, and a decrease in recep- 
tion. 

As we are no longer concerned with the shape of the 
monthly average curve, this may be flattened out to a zero 
or base line, and the weekly deviations alone plotted. This 
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Figure 3.—Weekly departures from monthly means of sunspots, mag- 
netic character of days and reception. 1926. 


is done in Fig. 3 for sunspots, magnetic character of days, 
and reception. Although these three curves do not run 
absolutely together, there being a marked phase displace- 
ment at times, there is the same succession of peaks and 
hollows; there is no question but that these three elements 
are related. The period so strongly shown here is 27 days. 
This is a solar, and not a lunar period, and is in fact due 
to the recurrent earthward presentation of sunspot or other- 
wise active areas. More than one casual observer has noted 
a coincidence between, say, the full of the moon and 
depressed reception; lunar and solar periods are so nearly 
alike that once started such coincidences will run through 
several cycles. But eventually the lunar period will get 
out of step with reception, and then it will be obvious that 
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there is no real relation. This is illustrated in Fig. 3, where 
I have shown at the bottom the times of full moon. Those 
who hold lunar superstitions will note that while in August 
and September the full moon came at or near minimum 
reception, it came near periods of maximum reception in 
March, April and May, while in June and July it approxi- 
mately coincided with normal reception! 

Although the rotation of the sun never changes phase, 
the periodic waxing and waning of the sunspot numbers 
sometimes do. As the average life of a sunspot is two or 
three months, a spot or group of spots may persist through 
several rotations or cycles and then disappear, another 
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Figure 4.—Weekly averages as deviations from monthly means of 
sunspots, magnetic character of days, WBBM reception, 8-9 
megacycle reception and 15-25 kilocycle reception. 1926. 


spot or group of spots appearing at some other point, often 
їп а quite different longitude. This gives a series having a 
27-day period, but with occasional changes in phase, much as 
a bowed violin string vibrates. | 

Although as I have stated above, the broadcast band 
is the most sensitive to solar disturbances, effects are in 
fact produced over the entire radio spectrum. In Fig. 4 I 
have plotted five elements, sunspots, magnetic character of 
days, WBBM reception, 8-9 megacycle reception and 15-25 
kilocycle reception. The 8-9 megacycle reception is at 
Washington from NPG, NPM, NBA, NBH, NPL, NIDK and 
from the U. S. S. Scorpion in the Mediterranean, the trans- 
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mission paths being all in darkness. The 15-25 kilocycle 
reception is also at Washington, from GBR, LPV, FT, AGW, 
FU, LY, AGS, KET and LPZ, taken at 10.00 a. m., so that © 
the transmission paths were by daylight. The three recep- 
tion curves are in general alike, the peaks and hollows 
showing the same succession. But the 8-9 megacycle curve 
is inverted with respect to the other reception curves, so 
that this figure gives us the following relation: As solar 
activity, measured by sunspots, increases, reception in the 
low-frequency and broadcast bands decreases, but reception 
at 8-9 megacycles increases. In view of the other inver- 
sions which we have found in passing from low to very high- 
frequency transmission, such as the reversal of the day to 
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Figure 5.—Average of weekly deviations from monthly means for nine 
stations in the 12-25 kilocycle band, WBBM at 1330 kilocycles 
and five stations in 8-9 megacycle band. The broken line is the 
departure of weekly averages of wolfer provisional sunspot num- 
bers from their monthly means. 1926. 


night effects, and the inverted eclipse effect which I found 
in 1925” we are quite prepared to find that these ultra high 
frequencies, unlike their lower brethren, actually thrive on 
sunspots and magnetic storms. 

Fig. 5 is an arithmetic average of all three reception 
curves of Fig. 4, with the sunspot curve superposed in 
broken line. Here is an average of fifteen stations, scattered 
over nearly a hemisphere, from the Hawaiian Islands, Paci- 
fic Coast, the Isthmus, South America, the North Atlantic 
and points in Europe. And these stations are not only 
geographically distributed, but they include both ends and 
the middle of the entire present day radio spectrum. But 
the averaging of such apparently diverse material has not 
obliterated the relation with the sun; instead this relation 
has been accentuated by the process. 


n Effect of the Solar Eclipse of January 24, 1925, on Radio Reception. 
roce ало of the Institute of Radio Engineers, Vol. 13, No. 5, October, 
1925, page 567. 
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As I have pointed out above, certain phase differences 
appear in the various graphs of sunspots, magnetism and 
reception. Some of these differences are due to the effect 
which I have already mentioned, the slow recovery of recep- 
tion from the original disturbance. In Fig. 6 I have plotted 


Figure 6.—Magnetic storms and reception. Average of storms of 
February 23-24, March 5, April 14-16 and May 4-6, 1926. Recep- 
tion at Newton Centre, Massachusetts, from WBBM, Chicago, 
Illinois, at 1330 kilocycles, 9-10, 75th meridian time. 


an average of four magnetic storms and their accompany- 
ing reception depressions, and it will be seen that although 
the magnetic storm and reception depression begin together, 
the storm reaches its maximum before reception is at a 
minimum, and magnetic quiescence returns two or three 
days before reception is normal. 

I have also made a preliminary analysis of WBBM 
reception with respect to meteorological elements, and par- 
ticularly with respect to barometric gradients. So far the 
result has been negative, the field at Newton Centre, when 
solar and magnetic periods are removed, does not seem to 
depend in any way upon the relation of the line joining New- 
ton and Chicago to the isobars of the weather map. But 
there seems to be a slight relation, which I have not yet 
fully investigated, between barometric activity and recep- 
tion. Apparently days with great fluctuations of air pres- 
sure tend also to be days of low reception. The relation 
here is probably indirect; that is, barometric activity may 
be linked with solar disturbances, which are in turn asso- 
clated with reception. 

It is perhaps unlikely that any high correlation between 
reception and weather elements will be found. Solar dis- 
turbances and magnetic storms are world-wide events, 
Whereas weather is rather a local matter. Analysis of 
Weather elements over the whole earth indicate that there 
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are areas of positive correlation with sunspots, and also 
areas of negative correlation. Although I have not yet col- 
lected and analyzed reception data from any such collection 
of receiving points as would fairly represent the earth as a 
whole, I have found that a bad night for reception in New- 
ton Centre is in general a bad night anywhere in the United 
States. And I have also found that European reception of 
distant broadcast stations agrees remarkably well with my 
measurements of WBBM. 


There is some basis for the assumption that reception is 
principally affected by corpuscular radiation from the sun, 
perhaps in the form of alpha particles. Maunder has found 
that magnetic disturbances seem to arise from restricted 
solar areas, not necessarily including sunspots, and to go out 
in definite directions, or rather shafts of several degrees 
diameter, which rotate with the sun. When such a shaft 
strikes the earth a magnetic storm arises. Such lines of 
influence are not, she thinks, necessarily radial, but may 
follow coronal stream lines. I find that, in general, recep- 
tion is most affected when a spot or group of spots is near 
the center of the solar disk, that is, when they most nearly 
face the earth, although there are exceptions. Thus, on 
November 28-29, 1926, a group of three fair sized spots 
faced the earth, and coincidently there was a marked depres- 
sion in reception. Occasionally a large spot may face earth- 
ward without any accompanying change in reception, which 
might be explained either by the assumption that the spot 
was not accompanied by corpuscular radiation, or on Maun- 
der’s hypothesis that its beam was so curved that it did 
not strike the earth. 

But the secrets of this universe yield rather to obser- 
vation than to pure speculation. When we have a sufficiency 
of the right kind of data we can frame stable explanations ; 
until then we are groping in the dark. The relation of earth 
and sun is a dominant one to mankind, and the study of 
radio transmission phenomena may well throw new light 
upon this little-understood subject. 

I must not conclude without thanking Dr. L. A. Bauer, 
of the Carnegie Department of Terrestrial Magnetism, for 
the magnetic ага other data which he has supplied, as well 
as for his many helpful suggestions and also the U. S. Coast 
and Geodetic Survey for the Cheltenham data which I have 
so freely used. And I am indebted to Dr. A. H. Taylor of 
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the Naval Research Laboratory for the high-frequency re- 
ception logs which he so kindly furnished. Finally I must 
express my appreciation of station WBBM, not only for its 
involuntary supply of radiation, but for its frequent read- 
Ings of antenna current each night, which have enabled me 
to reduce my measurements to a constant basis. 
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IMPORTANCE OF LABORATORY MEASUREMENTS 
IN THE DESIGN OF RADIO RECEIVERS * 


W. A. MACDONALD 


(Chief Engineer Hazeltine Corporation Laboratory) 


The subject of this paper relates primarily to the meas- 
ured characteristics of radio receivers and the importance 
of such measurements on the design of commercial broad-. 
cast instruments. | 

It is obvious that an exact knowledge of the individual 
and over-all characteristics of a radio receiver should be 
accurately known, yet experience shows that many manu- 
facturers, including some of the largest, are practically un- 
aware of the exact performance of the apparatus they pro- 
duce. 

Some time ago the Hazeltine Corporation was confronted 
with the problem of measuring the essential characteristics 
ofalarge variety of receivers. The first question to be an- 
swered was: What are the essential characteristics? Such a 
question lends itself to considerable discussion, but after 
careful consideration of all the possible factors it was de- 
cided that thirteen fundamental measurements were abso- 
lutely necessary in all cases. Additional measurements can 
be added to meet special circuits or unusual conditions. The 
thirteen fundamental measurements are as follows: 

(1) Voltage step-up of input coupling transformer. 

(2) Voltage step-up of 1st tube and coupling trans- 

former. 
(3) Voltage step-up of 2nd tube and coupling trans- 
former. 
(4) Voltage step-up of following stages. 
(9) Complete R. F. amplification from input coup-coil to 
the detector. 
(6) Resonance characteristic of input coupling trans- 
former. 
каше by е ог Der 22, 1926: Presented before the Rochester Sec- 
november 30, 1926, and at the Convention of the Institute of Radio 


Engineers, New York, January 12, 192 
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(7) Resonance characteristic of Ist stage transformer. 

(8) Resonance characteristic of 2nd stage transformer. 

(9) Resonance characteristic of following stage trans- 
formers. 

(10 Resonance characteristic of complete R. F. amplifier 
from input to the detector. 

(11) Amplification and frequency characteristics of 1st 
audio transformer. 


Figure 1 


(12) Amplification and frequency characteristics of 
other audio transformers. - 

(13) Relative frequency characteristics of complete 
audio system including detector. 

These measurements are selected because they are not 


Figure 2—Laboratory Radio Frequency Oscillator 


especially difficult to make. They can be readily duplicated 
and the complete series standardized to a degree where the 
performance of a radio receiver can be accurately deter- 
mined. 
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The apparatus required is not widuly complicated. It 
consists essentially of the following: 

(1) Precision wave meter. 

(2) Radio frequency oscillator. 

(3) Audio frequency oscillator. 

(4) Vacuum tube voltmeter. BE 

The wave meter can be of any standard make and re- 
quires no description. E 

The radio frequency oscillator may consist of any cón- 
venient oscillating circuit, although one giving reasonably 


Figure 3 


uniform output is preferable. If a simple oscillating circuit 
I5 employed it should preferably consist of small inductance 
and large capacity. Where high accuracy is required the 
oscillator and all batteries should be completely shielded to 
eliminate stray fields. 

| Figure 1 is an illustration of such an oscillator, while 

igure 2 is the schematic circuit arrangement. Turning to 
the illustration, the dials marked C1 and C2 are the tun- 
Ing and vernier adjustments. A is the output meter and 

1 an adjustable resistance for regulating the H. F. output. 
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An output voltage attenuator is located at the extreme 
right. | | | 

The audio frequency oscillator may be of a form similar 
to the radio frequency oscillator. This system might prefer- 
ably consist of an oscillator and power amplifier and should 
likewise be shielded. 


Figure 4 


Figure 3 is an illustration of such a system. It is pro- 
vided with an adjustable frequency range of from 32 to 
32000 cycles in octave steps». This oscillator is arranged so 
that it has a uniform output over the entire frequency 
range, which of course materially assists in the speed with 
which measurements can be made. 

The vacuum tube voltmeter is similar to that described 
in the Bell System Technical Journal Vol. III No. 2, Page 
185. A UX 112 tube is employed and operated on the square 
law portion of the curve. This tube should either be debased, 
or else the indicated results corrected by a suitable constant 
to compensate for the dielectric loss in the base and socket. 
The output is read directly on a sensitive micro ammeter 
or galvanometer. The effect of the steady direct plate cur- 
rent is balanced out of the meter by a reverse current ob- 
tained from the heating battery and suitably adjusted by 
means of resistances. 
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Figure 4 is an illustration of a simple form of vacuum 
tube voltmeter and Figure 5 is the schematic circuit dia- 
gram. 


Figure 4A 


In order to illustrate the manner in which the measure- 
ments are made, a simple laboratory model neutrodyne re- 
ceiver will be used. It has two stages of tuned radio fre- 
quency amplification. | 

Let us now turn back to the series of measurements рге- 
viously outlined. No. 1 is a measurement of the voltage 


Figure 5—Vacuum Tube Voltmeter 


step-up in the input coupling coil. This is made by employ- 
Ing a dummy antenna having suitable characteristics of 
Capacity, inductance and resistance. The dummy antenna 
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is connected to the receiver under test. Radio frequency 
energy is then supplied from the oscillator by means of the 
output voltage attenuator. The input to the vacuum tube 
voltmeter is connected across the high voltage terminals of 
the antenna transformer and the circuit tuned to resonance. 
The deflection in the output meter of the voltmeter is ad- 
justed to a suitable range by regulation of the voltage atten- 
uator in the output of the oscillator and both the deflection 
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Figure б 


іп the meter and value of resistance in the voltage atten- 
uator noted. 


The expression for amplification is as follows: 


R 
91 2 
where ¢.—Deflection of meter 
е. Calibration of meter 


R =Total resistance of voltage attenuator 
Р. 2—Resistance of portion used in measurement. 
Figure 6 is a series of curves made on an antenna coup- 
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ling transformer and shows the effect of various losses on 
the amplification characteristics. Curve 1 is the amplifica- 
tion characteristic in which the voltmeter is connected 
directly across the tuned circuit with other connections re- 
moved. Curve 2 is the same measurement with the neutral- 
izing condenser added and shows the reduction in amplifi- 
cation due to the dielectric loss in the condenser. Curves 3 
and 4 show additional losses due to the tube socket and 
tube base. 

Figure 7 is a series of curves taken on the first stage 
of amplification and includes a vacuum tube with its out- 
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Figure 7 


Put transformer. In this measurement the dummy antenna 
is removed and the signal supplied directly to the grid of 

е tube. Here again the various losses are well defined and 
consist chiefly of dielectric loss and tube loss. 

Figure 8 is the amplification characteristic of the second 
Stage and is made in the same manner as the other measure- 
ments, In the case where a grid condenser and leak are 
employed which impose a load on the tuned circuit, the 
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measurement is made with the detector tube in an operative 
condition. 

Before going further it might be interesting if we 
examined the amplification characteristic obtained from a 


popular model T. R. F. receiver which depends for its 
stability, that is freedom from oscillation, on highly damped 


circuits. 


Figure 9 shows the amplification curves obtained from 
the three tunings of this receiver. 

The next point of special interest is the resonance 
characteristics of the individual tunings. This measurement 
should be made at two frequencies and can be conveniently 
done when making the amplification measurements. The 
curves may be taken by tuning the signal to resonance on 
the receiver and the detuning the oscillator by means of 
the vernier adjustment which can be calibrated in kilocycles. 

Figure 10 is a series of resonance curves for the various 
stages of the receiver under test. 
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Figure 11 is the resonance curve of the T. R. F. receiver 
previously mentioned. It is an excellent illustration of the 


Figure 9—T. R. F. Receiver—R. F. Characteristic 


Manner in which the frequency admission band of a receiver 
can be altered by highly damped circuits. 
From the measurements so far made the total R. F. am- 


Figure 10 


computed, and these are shown in Figures 12 and 13 respec- 
tively. Curves of Figures 12 and 13 show the resonance 
plification as well as the complete resonance curve may be 
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characteristic and voltage amplification of the receivers pre- 
viously referred to. — 


The next measurements are made on the audio frequency 
portions of the amplifier. The first involves the voltage step- 
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Figure 11 


up and frequency characteristic of the individual transform- 
ers. This measurement is made by connecting the primary 
of the transformer to the output voltage divider of the audio 
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Figure 12 
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oscillator. The tube resistance may be simulated by a fixed 
resistance connected in series with the primary winding. 
The vacuum tube voltmeter can be connected directly across 
the secondary terminals of the transformer and the ampli- 
fication computed as in the R. F. measurements. 
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Figure 13 


Figure 14 is a typical frequency characteristic of two 
audio transformers and shows particularly the second rise 
due to the effect of the leakage inductance. Curve C of the 
same figure shows the computed frequency characteristic of 
the complete amplifier. Unfortunately, however, this curve 
has little significance in a complete amplifier because of the 
effect of the detector grid condenser and the grid leak as 
Well as the regenerative effects due to common battery 
couplings. 

A relative frequency characteristic of the complete am- 
plifier may easily be obtained, however, by supplying the 
А. F. oscillation to the detector tube in series with the grid 
leak and measuring the response between grid and filament 
of the last tube. This will give an amplification curve as 
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shown in curve A, Figure 15 which is approximately the 
way a Signal is heard in the loudspeaker. With regeneration 
present, such as due to common “В” batteries, the curve 


Figure 14 


may easily be altered to that shown in curve B unless its ef- 
fect is eliminated by suitable circuit arrangements. Curve C 
of the same figure shows the frequency characteristic of 
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Figure 15 


the audio system with the regeneration and second peak 
removed and is a good example of the present day high class 


audio system. 
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In analyzing the R. F. amplification and resonance 
curves, it must be remembered that innumerable factors 
enter into the results which may be obtained. Among these 
factors are poor transformers, excessive dielectric losses, 
high resistance of parts, etc. All these effects can be im- 
proved and, in many cases, entirely eliminated once their 
nature has been determined by suitable measurement. 

The audio system responds to like treatment and as a 
rule can be easily corrected when the cause is known. 

In conclusion, I wish to acknowledge the assistance of 
Mr. R. W. Ackerman, a member of the laboratory staff, in 
the preparation of this paper. 
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A THEORETICAL AND EXPERIMENTAL IN- 
VESTIGATION OF DETECTION FOR 
SMALL SIGNALS* 


By 


E. L. CHAFFEE AND G. H. BROWNING 
Crurr LABORATORY, HARVARD UNIVERSITY 


Any electrically conducting device having a non-linear rela- 
tion between the instantaneous values of output current and im- 
pressed voltage will act as a rectifying detector of radio-frequency 
signals. If the impressed voltage of the signal is a high-frequency 
елп.Ї, of constant amplitude the detector causes a change in the 
steady value of the output current. If the impressed voltage is 
à modulated high-frequency e.m.f., i.e., one the amplitude of 
Which varies at a lower frequency, then the output of the detector 
contains an alternating current of modulation frequency. This 
Process of deriving a current of modulation frequency from a 
modulated e.m.f. is sometimes known as demodulation. 

The action of a rectifying detector can be expressed in terms 
of the impedances of the circuits and the shape of the character- 
istic curve or curves of the detector. In the case of a crystal 
detector or a two-electrode vacuum tube, often called a Fleming 
Valve or a diode, the theory is very simple. When, however, a 
three-electrode vacuum tube or triode is used as a detector the 
complete theory of its action is necessarily complicated because 
of the larger number of variables. The detecting action can be 
readily determined experimentally under any prescribed condi- 
lion, but the theory is of value in showing upon what variables 
the sensitivity of the detector depends, and also in showing under 
what conditions and how much distortion results. 

Very little has been published on the subject of detection. 
The definitions of detection proposed in 1919 by Ballantine! and by 
Hazeltine? are both incomplete. Carson? in 1919 in an article 
called “A Theoretical Study of the Three-Element Vacuum 
Tube," gave a very incomplete theory of detection. In 1920, 
"Received by the Editor, September 4, 1926. 
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G. Breit in a paper called “The Calculation of Detecting and 
Amplifying Properties of an Electron Tube from its Static 
Characteristics," presented some very general mathematical 
expressions for the triode from which some of the theory of detec- 
tion is derived for unmodulated signals. A second paper by 
Hulburt and Breit called “Тһе Detecting Efficiency of the 
Single Electron Tube," gives experimental tests of the formulas 
derived in Dr. Breit’s first paper for certain special cases of 
detection of unmodulated signals. Mr.Stuart Ballantine, in June 
1924, sent to the first author of the present paper some unpub- 
lished notes on detection. Although the notes are marked unfin- 
ished by Mr. Ballantine, they contain a fairly complete treatment 
of a special case of grid-circuit rectification. The method of 
attack adopted by Ballantine is somewhat different from that 
used in this paper, but the results are in agreement with those 
here presented for the particular case treated by Ballantine. 
Since the completion of this paper Mr. Colebrook,° of England, 
has published a series of excellent papers dealing with the 
mathematical theory of detection for simple detectors and for 
triodes. Mr. Colebrook’s method of treatment is, however, 
different from that used in this paper and his results differ in 
form from those presented here. 

The present paper’ presents the theory of detection for both 
two and three-electrode devices expressed in terms of the circuit 
impedances and the first and second partial differential coefh- 
cients of the static characteristic curves of the device taken at 
the points on the characteristic curves determined by the steady 
polarizing voltages. It is then assumed that the impressed signal 
is so small that for any given steady voltages these coefficients 
can be assumed constant within the range of the variations due 
to the signal voltage. A small signal voltage is defined as one 
less than 0.05 volts r.m.s. 

Nomenclature—A brief explanation of the symbols used in 
this paper will be given at this point. 

Small letters in general represent instantaneous values, as 
e and i for instantaneous e.m.f. and current, respectively. Small 
letters are also used to denote the slopes of curves which have 


* “Phys. Кеу., volume XVI, page 357. 

5 “Phys. Rev.," volume XVI, page 408. 

* "Experimental Wireless," volume II, No. 18, 19, and 20; volume II, No. 
26, 27 and volume III, No. 28 and 29. 

т Тһе theory and method of measuring the detection coefficient given 
in this paper were worked out by the first author about four years ago and 
have been presented since that time each year to a class in Vacuum Tubes at 
Harvard University 
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the dimensions of resistance or conductance. For example, if 
izf (e) then k= a is the conductance for small variations. 


Capital letter with a line above represents a steady value of 
em.f. or current, or a resistance for steady current. 

Capital letter with a line below represents the maximum ampli- 
tude of a sinusoid. 

Capital letter with no line above or below denotes the root-mean- 
square value of an alternating e.m.f. or current, or the value of 
resistance, inductance, capacity, or impedance for alternating 
current. 

A caret ( ^ ) over a letter denotes equivalent value. 

A A before a quantity signifies that it is small but finite. 

Subscripts in general denote location of а quantity in a cir- 
cuit, or frequency, as for instance e, is the instantaneous value 
of grid potential, but « is the angular velocity of high frequency. 

Bold-face type denotes complex and vector quantities. 


I—Tuerory or Two-TERMINAL DETECTOR 
A—Unmodulated Signal 


Detector With No Load. Before taking up the more com- 
Plex ease of the detection by a triode, the simple theory will be 
Presented when the rectifying device is a diode, crystal detector, 
ог electrolytic detector. 

In Figure 1, Т' represents any two-electrode detecting device 

àving a static characteristic given by the relation | 


i=f(e) (1) 


This function may be expressible only graphically as shown in 
Figure 2. Ep is a constant polarizing potential and Ae,=4E, 


c 


aw 


s1n otis a small impressed radio-frequency potential of frequency 
(Oy, 


2 . 
a 


A е, = AE, SIA Wi, t 


FicureE 1 


116 E. L. CHAFFEE AND G. Н. BROWNING 


When the radio-frequency potential is not impressed, the 
steady current that flows is 


I —f(En) (2) 
Now suppose Ae, is impressed, then 
i —f(En--À E, sin ot) 


I-*AI 
I 


FIGURE 2 


The direct current J is changed to I --A I, which is the average 
value of thc new current and given by the expression 


A [= 1 (ъа, sin € t)d t. (3) 


Now f(Es--A E,sinc,1) can be developed by Taylor's 
Theorem, giving 


T 
[+ А 1 = 31 Ken + ne A Al, sin w t+ 


(А E, sin wrt)? +. Ju NT. LAE) .. (4) 


1 d? f(e) 
2 ае? 


Therefore, if terms of higher order than the second are neglected, 
the change in direct current is given by the expression 


AT е СЗ (AE): (5) 


It should be noted that in пи the increase in current, 
A I, the first and third order terms in the expansion contribute 
nothing since they have no average value. The change А Т is 
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then given by the second order term. It is, therefore, more 
accurate to write (5) in the form 


APT = 11 (AE,)*= (det. D) (A Е „уг (5-1) 


The factor (det. I E where 
1 4°; amperes (в) 
44е? (maz. volts)? 


is defined as the current detection coefficient for the device with no 
load. If equation (5-1) be multiplied by the total resistance of the 
circuit for a small increment in current, we have the equiva- 
lent steady voltage produced by rectification acting in the 
output circuit. In the case considered the total resistance is 


(det. Г) = 


simply r= - of the rectifier. Then the equivalent steady voltage 


de 
is 
di 
Pierde 7) o 17 (А Eie] ce (A E, volts (7) 
r(det. Т) 7441 ———" (maz. volts)? 
de 


The quantity r (det. I) is the voltage detection coefficient of the 
recifier alone and is denoted by the symbol (det. E). 

Equation (5-1) gives the rectified current as proportional to 
the square of the amplitude of the impressed high-frequency 
alternating e.m.f. Since higherorder terms thanthesecond in Tay- 
lor's development in equation (4) have been neglected, it is there- 
by implicitly assumed that any small portion of the characteristic 
curve (equation (1)) of the device about the point determined by 
Ев, can be expressed nearly enough by an equation of no higher 
degree than the second. This, of course, does not mean that the 
curve of equation (1) taken as a whole is expressible as а second 
degree equation. The assumption above puts no limitation upon 
the shape of the characteristic curve except that its first and 
second derivatives shall be every where finite. 

lt is to be noted at this point that we could have obtained the 
rectified current given in equation (5-1) by the following slightly 
different procedure. By equation (1) i — f(e). _ 
If i and e have the specific steady values 7 and Ea, then J =f (Ев) 
(see Figure 2). Let Ep be given a positive increment А Ё, Asa 
consequence, 7 will have a positive increment 4 J,’ such that 


I4AI' Sf(Ep4-A E.) (8) 
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Now let Ев have a negative increment A E, equal to the positive 
increment, and then J will have a negative increment A I”, such 
that 


1—А1''=](Ев—А E,) (9) 


Equations (8) and (9) can be developed by Taylor’s Theorem, 
giving 


FHAN канынын ... (10) 
TAI" =/Gis)— SO) ag, 42S (a Е, .., (11) 


Adding equations (10) and (11) gives 
d? f(e) d? 1 
AI'—AI"L—LV(AE)---(AE 
a Беи d e? (А Е,) d ei, о) (12) 


The difference А J^ — A 7" is a quantity of the second order and 
must be proportional to the average current A? J that is produced 
by the rectifying action of the device. Comparing equations 
(5-1) and (12) it is evident that if the impressed potential is 
sinusoidal, then 
АТА"! 
д2] (13) 
4 
Equation (13) shows that the rectified current can be obtained 
from the two series developments of (10) and (11) instead of by 
integrating the series as is done in equation (4). This alterna- 
tive method of obtaining A? J will be made use of later. 
Two-Terminal Detector in Series with Impedance. |. We 
may now consider a more general case when, as shown in 
Figure 3, an impedance Z is included in the circuit. This im- 


де = AE, sin yt 


FIGURE 3 


pedance Z may have a value Z for direct currents and a different 
value Z, for a frequency э The detector has for small varia- 


tions of potential a resistance of 
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е 1 1 
"dfe di (14) 
de de 


Referring to Figure 3, it is obvious that when A e, is impressed 
8 current of radio frequency a flows through the circuit, and in 


addition the steady current is altered by an amount to be denoted 
by A. When no alternating potential is impressed I -f(E), 
where E is the steady potential across the rectifier and different 
from Es. Refer now to Figure 4. The characteristic curve for 
the rectifier is shown as т=/ (e). From point Es, a point laid off 


— —— — he 
o ———— — a — =л —————— 


FIGURE 4 


on the voltage axis equal to the steady polarizing-battery poten- 
tial, a line is drawn making an angle with the vertical, the tan- 
gent of which is equal to the resistance R of Z to steady currents. 
(For simplicity in representation by diagram, Z is taken as a pure 
resistance, the same for steady and alternating currents, but the 
mathematical derivation does not require this limitation.) The 
point P of intersection of this resistance line and the curve gives 
the values of 7 and E. If now 4e,=4 E, sin w,t is superposed 
upon Eg, the new intersection points given by lines drawn 
parallel to the resistance line from points representing the extreme 
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applied voltages Eg--4 E, and Ер 4 E, give the extreme cur- 
rents +41’ and 1-2 Г / , and the increments of voltage on the 
rectifier, viz., А E" and A AE", We can now write 


Т+АТ' =](Е+А Е) 


_ am Lale) ‚‚ 1d? f(e) у» 
EAE Mp 26 Tora (ees (15) 
and 
1-2 I" -f(E—AE") 
-fF _df(e) „n, 1d? f(e) „үә __ 
=/(Е) а do re )'-... (16) 


Adding (15) and (16), we have 
AI'—AI" = 219 (A Е'—А Е”) + 


ето (ав унав). а 


Each term of (17) is of the second order in magnitude. By 
analogy with (13), we can express the differences of increments 
as steady components of current and voltage. The last term of 
(17) involves the average of the squares of the increments of 
voltage and is represented by (А £)?. Equation (17) can then be 
written 


— 1— t 
3 PX gl Pty Ey. — ae (18) 


A? E is a steady component of voltage across the rectifier and is 
equal to — R A? I. Further, 4 E is the peak radio voltage across 
the detector and is related to 4 E, by the obvious relation 


T 
—— V(r + Rn)? + Х 


where R, and X, are, respectively, he resistance and reactance 


(18-1) 


of the series load Z at the frequency 2% j- . Then (18) can be written 


aye RAT, 7? 
Т руска a CEN б) 
or 


Az] d т? 1 di 2 
А Е ту FIA tae CE) 
= (Det. I) (4 Е,)? (20) 
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Hence the complete current detection coefficient for the system is 


r? ld?*i 
(Det. D = FRITA ide (21) 


Capital D is used to distinguish the complete detection coefficient 
from the detection coefficient for the detector alone signified by 
small d in (det. I). 


The equivalent voltage of rectification acting in the circuit is 
АЕ = Rrap gai 00 

and the equivalent voltage detection coefficient for this case is 
"o idu 
(ra -R4) X4? 4de 
It is evident from equation (21) and (22-1) that the complete 


detection coefficient is greater the smaller the radio resistance 
and reactance, Ra and Xa. If Ra and X, are negligible, then 


(Det. E) = (22-1) 


—9 T 1 di 
TI = . . (AE) » 
n ERS de a (22-2) 
and the rectified power is 
— n! r? R d? 4M? 
ATi qa) A Ез 23 
(FD R= Lors aa) CE) (23) 
The value of R which makes this а maximum is 
R-r (24) 


This stated in words is as follows:—If there is no impedance 
offered to the alternating current to be rectified other than that 
of the rectifier itself, then the maximum rectified power for small 
values of the impressed e.m.f. is obtained when the resistance of 
the load or absorbing device for the rectified current is equal to 
т, the variational resistance of the rectifier. 

If the series load is а pure resistance which has the same value 
for both alternating and direct currents, then the rectified power is 


(A77)? R= mal i) 220 (25) 


Solving equation (25) to find the value of R to give maximum 
power gives 


Е= = (26) 
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B—Detection of Modulated Signal 
Case 1. Series Load a Pure Resistance to the Modulation Fre- 
quency. In radio communication the detector usually rectifies 
a modulated radio-frequency e.m.f. giving rise to a current having 
a frequency equal to the modulation frequency. Figure 5 rep- 


———M————^ 
unmoduloted moduloted 
FIGURE 5 


resents & sinuosoidally modulated radio-frequency e.m.f., which 
is expressed mathematically as follows: 


A €, 7 А Е,(1--т sin ej t)sin wt (27) 
In this expression Д 4, is the average amplitude of the alternating 
e.m.f. or the amplitude of the unmodulated radio-frequency e.m.f. 
of angular velocity «4; w is the angular velocity corresponding 
to the modulation frequency; and m is a factor ranging from 0 
for no modulation to 1 for complete modulation, and is a factor 
giving the fraction of complete modulation and known as the de- 
gree of modulation. 
Suppose now that the modulated e.m.f. of expression (27) 
is impressed on a rectifying system containing a pure resistance 
load and having a current detection coefficient (Det. I). Then in 


place of the (А £,)? of equation (20) must be substituted the 
square of the coefficient of sin «,t in equation (27), giving 


А? т = (Det. I) (A E,)*(1--m sin «i t)? 
= (Det. I) (& E,)*(1-4-2 m sin «; t4- m? sin? c, t) 


m? г т? 
= (Det. 1)(AE,)*(1+ > -- 2 m sin wt — — cos 2 «n t) (28) 


In the above expression the А? Т of equation (20) is changed to 
A?i, to signify that now the rectified component is periodic and 
has an instantaneous value AX. Equation (28) shows that when 
a modulated e.m.f. is rectified by a system having a curved char- 
acteristic and terms of higher order than the second are neglected, 
three rectified components are obtained as follows: 
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DET 2 
l. Direct current =A? І = (1 + *) (Det. I) (А £,)? (29) 


2. Current of modulation frequency having effective value 


= Д? = Уу 2 m(Det. Г) (А E,)? (30) 
3. Current of double S frequency having effec- 
lire value = Д? а= (Det. Г) (А E,)? (31) 


In the above special case the complete detection coefficient 
is the same in all three expressions, 29, 30, and 31. This will 
not be the case when the load is other than a pure resistance. 

It may now be assumed that instead of but one frequency of 
modulation, there are two, as denoted by the following equation 
which replaces (27). 

А е,= А ЕЁ (1--т/ sin wy t+m” sin wy t) sin e&t (31-1) 
The resulting current in a rectifying system having a complete 
detection coefficient of (Det. Г), due to this doubly-modulated 
high-frequency potential of (31-1) contains the following com- 


ponents as is evident on substituting the square of the amplitude 
of sin «t of (31-1) in equation (20). 


l. Direct current 


-Nj - (ve 5*7 (Det D(AE) (81-9) 


2. Current of first modulation frequency of effective value 


=A? I/ 24/2 т (Det. I) (А E,)? (31-3) 
3. Current of second modulation frequency of effective value 
= A! Ip24/2m' (Det. I) (А E,)? (31-4) 


= Current of double first modulation frequency of effective 
talue 


m" 
C PELLE AE) -5 
A! Ini 2/3 (Det. I) (А E,) (31-5) 


S Current of double second modulation frequency of effective 
value 


m”? 
= A? |, = —- AE.) E 
A! Ta = 5 АЗ (Det. Г) (А Е.) (31-6) 


б. Current of frequency equal to difference of modulation fre- 
quencies of effective value 
m'm 


= APT yy = PULS (Det. I) (A E;)* (31-7) 
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7. Current of frequency equal to sum of modulation fre- 
quencies of effective value 


т’ m’ 
=A? [wn = pou (Det. I) (A E;)? (31-8) 


Equations (29), (30), and (31) show that a rectifying detector 
used to demodulate a sinusoidally modulated high-frequency signal 
inevitably introduces а double modulation frequency component 
which is small in comparison with the main component of modu- 
lation frequency only when the modulation is small. 

Equations (31-2) to (31-8) further show that if there is more 
than one frequency of modulation there are introduced beside 
the main terms of the modulation frequencies and their second 
harmonies, currents of frequencies equal to both the sum and 
difference of each pair of modulation frequencies. These sum 
and difference tones are extremely undesirable as they are dis- · 
sonant tones. They can be made small only by making the 
modulation coefficients small. 

Case 2—Series Load Not a Pure Resistance at Modulation 
Frequency. Inthe preceding treatment of Case 1 the impedance 
Z of Figure 3 was restricted to a pure resistance for the audio or 
rectified current, but was not restricted for the modulated or 
radio-frequency current. The treatment will now be extended 
to the case where Z may have reactance for the rectified current. 
We must return to equations (18) and (18-1), both of which hold 
with no change for the present case. Substituting (18-1) in (18) 
gives 

— AE p 141 

LAE Т E ES (rR +X 4 de? da iE (32) 
Now suppose that (4 E.) has the significance given to it by equa- 
tion (27). Then (А E.) must be replaced by 4 E, (14- m sin «t) 
in (32), which then becomes 


A? as. p 1d?i 
А НИР с=т АЕ 2 
а Ш GER) Ae 4348. айин) 
_ Are г? 1d*: А 
=" ртр ide CE 


(ve 42m sin wt —-у cos 2 out) (33) 
In equation (33) A? 1; is now the total instantaneous value of the 
rectified current which is made up of the constant-current com- 


ponent and the currents of frequencies = and = А?е is the 
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total instantaneous rectified voltage across the rectifying 
device, and also comprises the instantaneous values of the same 
three rectified conponents as for А?т. Equation (33) can then 
be broken up into three equations, the first giving the value of 
the constant portion of the rectified current, the second the maxi- 
mum amplitude of the rectified current of modulation frequency 


w 
= and the third the maximum amplitude of the rectified cur- 


rent of double modulation frequency. These three equations 
follow: 

— А? Е | т? 1 di a 

27 = — —( А E)? лем 4 
VIR C CERUYX4 Кус (1+ ;) %® 
А? А? Ti sin(e t 4- а) = A? E, sin (eit + Bi) 
r 
r 141 
(THR)? +X `4 de? 
A? Е, cos (2 w,t+ a 
T 
r? 1 di Р 
еш — cos 2 wt 
+ GER)? TX qa 0295 cos = (36) 
Here the phase angles @ and В are determined by r and the im- 
pedance of the load. 

Since the voltage across the rectifying device is the negative 
of the voltage across the impedance Z, equations (34), (35), and 
(36) can be rewritten, the last two being expressed in complex 
notation for root-mean-square values. Complex quantities are 
signified by а type. 


r? 1 dii (14%) (AB) 


uii (+R) +X 4^ de?" 
onis a 7 )(А E» (37) 


Npact. 5... 190 A): 
CHE CTR Ea dde V2" (P) 


: " Г), \/2 m(ME,)? (38) 


(AE E,)?2msineyt (35) 


A’ Licos (2 w, t+ au) = 


DOM a Т У 
i FZ (HRX 4 a CE 
= (Det. Inz rz (A E) (39) 


Obviously in the above equation (Det. D, and (Det. I): are 
complex quantities and different because of the difference in 
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frequency. Considerable advantage arises in expressing the equiv- 
alent voltage-detection coefficient, for as will be seen in this case, 
this quantity is independent of frequency and is not a complex 
quantity. Equations (37), (38), and (89) are rewritten, expressed 
in terms of equivalent rectified voltage, as follows: 


^ Eum r3 1 di P 
2p — = Еме — (AE. 
кеша аы 2 1255) 
= (Det. 5) (А E,)* (37-1) 
er r3 1díi „= : 
SAPAA уру Ашы 
= (Det. E)A/3m(A E)? — (38-1) 
^ 3 2; т? 
A? gy = NM си 2 
En = (r-FZu)A? In СЕХ dde 24/2 (A E,) 
2 
= (Det. E) 75 (A E)? (39-1) 


In the above expressions (Det. E) is the same for all and is a 
real quantity given by the following equation: 
p 141 
СВ): +X 4d е? 
The complex e.m.fs. of (38-1) апа (39-1) do not actually exist, but 
when used as though they exist give the correct actual values 
of the rectified currents. The phase of the e.m.f. given by (38-1) 
is the same as that of the modulation envelope or the modulating 
e.m.f. The phase of the e.m.f. given by (39-1) is the same as the 
phase of the double-frequency term in the square of equation (27). 
It is obvious that the theory of this case can be extended as 
in Case 1 to give the magnitude of the difference and sum com- 
ponents where there are two or more frequencies of modulation. 


(Det. E) = (40) 


II— THEORY or DETECTION OF A TRIODE 


The method used above may now be extended to the three- 
electrode vacuum tube used as a detector. The connections are 
shown in Figure 6. 

The instantaneous plate current 7, is a function of the in- 
stantaneous plate potential e, and the instantaneous grid poten- 
tial e,, and is expressed by the functional equation: 


1, — Ó (e, е) (41) 
Similarly the grid current 7, is dependent upon the instantaneous 
grid potential and to a slight degree upon e,, but to a fair degree 
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of approximation, particularly if the grid is not polarized greatly 
positively, the grid current can be expressed as a function only 


of e, thus: | 
i, 7 V'(e;) (42) 
Unmodulated Signal. We will at first assume that the 
small unmodulated alternating e.m.f. Де, = 4А Ё, sin «t is 
impressed in the grid circuit of the detector of Figure 6. 
Because both characteristic equations (41) and (42) are 


FIGURE 6 


curves, the changes of grid and plate voltage, due to 
the impressed e.m.f. Ae», will be made up of steady rec- 


tified components as well as variations at frequency a 


We may then designate the increases of e, and e, due to РДЕ, 
as ME’ and A Е, respectively, and the decreases in the вате. 
quantities as "AE, Á and A E,", respectively. Using Taylor's 
Theorem we then have for the increment of plate current, 


l4AI/2$(E,-AE/, Е,+АЕ,). 
=Ф(Е„ E) набак, p o SE, jj M 


+S2 AE,’ + 5 15 (ДЕ, Ра 


9» AE! AE! | 
"P 4: 
зеде, де д де ёд V | ’ 
Similarly the decrease in plate current is given by 
Al," e (E,- A E,", E,-AE,") 


— = д1 19° 
=$(E,, E)-37AE, Sak, z= асосн No 
р 


_9%лЕ rr LAP toy p гүз. 
de,——° toge P. ) 


9? lp AEM AF? 
Ыис Е 
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Adding equations (43) and (44) we have 
AI-AI = S (AE/-AE,") +572 (AE/—AE,") 


13 с Е[(АЕ,/)'--(АЕ, пуа 1878 (А E, 


ми E, y] 50 y. (AE АЕ, 
дер €g 5 


HAE АЕ,")+..... (45) 


In equations (43), (44), and (45), higher order terms аге neglected 
as being in most cases too small to be important. 

Equation (45) can be more simply expressed, remembering 
that the first three terms are expressible as constant values by 
equation (13), and that the average of the squares of the incre- 
ments of the grid and plate voltages may be replaced by single 
AE VEEE) 


expressions as (ДЁ,)? = , etc. 


aT, = P rir + Ат, S (А Е,): 


+19 1 д? 
(АЕ 2)? +53 EN AE, ..... (46) 


A further simplification of expression (46) is afforded by the 
well-known definitions of the tube coefficients: 


ce = plate-to-filament variational conductance 

ih 1 

E (47) 
a = grid-plate variational conductance =F, (48) 


Rewriting (46), we have 


AT, =r +0, ATE, +452 (OF) 
199, (Ag): LAM AE 
+4 ars (АЕ) шол oe ЕСУ (49) 


In equation (49) А Е, is the maximum amplitude of the radio- 
frequency alternating potential between the plate and filament 


Now the plate current of frequency = is: 
Л 


АІ = „АЁ, 


p === 50 
—" Gd Ron)? +X on? (50) 
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where #, is the amplification factor of the tube and equal to 


- 2 and Ry and Xy are respectively the resistance and re- 
2 


actance of the plate impedance Z, at frequency а. From (50) 
we can get AE, by multiplying by — Дь, giving 


AE,- — АМ Кы? Хы? _ AE, (51) 


A (тч Ru)? + Xu? 
Substituting (51) in (49) gives 
— E 2—2 199, 1 p,(ERu*cT-Xw) ðk, 
p= Pig A2 atk SE 
BUS Tp Eran ur (rp + Ror)? - Xa?" де 
E њу Вь?+ Хь? 9 | (А E,): (52) 
2V (r,+ Ru)? Хь? 9 6; 


The values of A? E, and 2 E, depend upon АЁ, and the 
characteristics of the grid circuit. Following the same method 
for the increments in grid current as for the plate circuit we have 


+А1, =з (Е, +A, ’) 


= (+ AE Nat (AE, Nb uuu. (53) 
and 
l,-AI/'- Y(E,—A E,") 

— Ô tg 19° 10 
= — AE hy ДЕ," > 
¥(E,) nO REM — (AE, )?+ 20... (54) 
Adding (53) and (54) gives 
А АР. cae Agyi ах ДЕ"): 


HAE ee. (55) 
| | _ д1 
Converting (55) by equation (13) and replacing by the grid 
2 


"Y ] 
variational conductance k,=—, we have 
Tg 


— ЛЕ 10k, | 

А? Ї,= DIC (AEQ ses s 56 

алышы p I (56) 

We now wish to express the maximum amplitude of the alter- 
hating e.m.f. A E, between grid and filament in terms of 4 £,, 
the amplitude о! of the impressed e.m.f. The amplitude of the 
high- -frequency alternating current flowing in the grid circuit is 


AE 
has — = = ў (57 
V (Rent rgh H(A cht 2 gh) 
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where E, and X.a are respectively the resistance and reactance 
to frequency = of the series impedance Z. in the grid circuit, and 
Toh and хо are, respectively,the equivalent grid p resistance 
and reactance of the vacuum tube at frequency 2% 2e . (We have 


up to this point neglected any effects caused by capacity between 
the tube elements. It is well known, however, that the tube 
capacities, notably the capacity between the grid and plate, give 
the tube an equivalent input resistance different from r, and an 
input reactance which may be either positive or negative, de- 
pendent upon the load in the plate circuit.) But 


АЕ = АІТ on? + Toh? 
V Tor ron? Tia AE, (58) 
АЛ Rat roh)? + CX en ron)? 


Equation (58) is now to be substituted into (52) and (56), and 
we have 


— A? SE 192, BR M X? dk, 
А? J= е A? E+ E pt Rd 
_ Bat EX ra Poh? + Eo? 
2V (rot Ron)? Хь? Ôe] (Ra ron)? (Xa za): 
. (AE,)* (59) 
апа "E Р : 
АТ, A* E, , 19 E, T gh” + Loh" (AE,)? (во) 


To 40е, (Rent ron)? + (Xeat ron)? 
As an abbreviation let the square bracket of (59) be denoted 
by A 
100, „'(Ёь?+Хь?)_ дк, 
40e, 4[(т„+ь.)?+Хь?]` де, 
_ 5 Rui Xo? до (61) 
24/ (r+ Ru)? +X on? де 


А = 


and let В stand for 


r oh? + Tie 
—————Ó———— 62 
ERG го) OG za)? ) 


Modulated Signal. So far we have assumed that the 
impressed alternating e.m.f. де, has a constant amplitude 4 Ё. 
Now, following the method previously adopted, we will sup- 


pose that the impressed e.m.f. of frequency 5 oe is modulated at 
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a frequency F as indicated by equation (27). The maximum 


amplitude А Ё„, assumed constant in the preceding equations, 
is now a function of t and the value â E, is to be replaced in 
equations (59) and (60) by 


А E,(1--m sin at) 
Because А E, in these equations is squared, three component 
terms result, one of constant amplitude, one of frequency = 


and the third of double this frequency. The quantities A?/,, 
А? 1„ A? E,, A? E, must now be considered functions of time 
and each will be made up of three components. With this in 
mind we may again rewrite (59) and (60) as follows: 


АТ, А Іа зіп(« +) —A Ip cos(2 wıt+ б) 
AT Ё„+А Ey sin( ay t+ Bi) — А Ё„ cos(2oit4- 8i) 
Tp 


+9,(A? EB, +4 E,)sin(o,t+ Y) —A Ei cos(2 ortt Yu) 
m? , m? 
+A B+ etm sin cut Teos? at) (A E): (63) 


APT, +A T, sin (t+ 0) — А Тш cos(20t-4- 84) 
_ А? Е;+А Eu sin(@,t+ 0,) -А Ед соз(2 on t+ бш) 
Tg 

Bok, m? m? 

_— жой жаш AE.» 

13 (1+ 2 +2 m sin ut 2 cos2 «t (A E,) (64) 
. Each of equations (61) and (62) now breaks up into three equa- 
tions, one for each component. If now these component equa- 
tions be expressed in effective complex values we have: 


—— 2 te os > 2 
АЕР Lee, А? E, +A В(1+”=)(аА 1: constant 99-1) 
== ATE E BOK, kg 5e m“ 7) lerm 
А? g AE. 63-2 
M Tg T4 4де (ee o) ( ) 
A? I = A? Ey 2 2] A E 2 
B А Erit Bs aano a) modulation (64-1) 


At], = EE B д "EL (A E,): frequency (64-2) 
0 
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double 
A Tax Ёт о, A Eat AB sg А Еу: | double (65-1) 
д ko т? tion fre- 
А? 1 LAE Bote T (AE) 65-2 
н 18 e, 2/2 02-2) quency OF) 


The two equations for each component can now be combined 
and simplified by means of the following relations: 


A? En = — R A? E, ATE, =—R.A°T, (66) 
A? Ep = —Z A? Ipi A? Ел = — Za A? Іл (67) 
A? Epi ab Дь А? ET A? Ei = — Zoi A? I, (68) 


giving the final expression for the three rectified components as 
follows: 


3 Tp o T, Re Oko | | n 
2],— =| Р 0220 — — (А E, 
Eh- дуаа] tz) а) 


= (Det. I 0(1+% АЕ, ?) (69) 


Ok, _ 
аы i|- rete ea pam Ey 


Тр 
Tp t Zui 4(т,+ 27.) де; 
= (Det. Г), / 2 m(AE,)? (70) 


|- с Opto т ð ko 
4(7, + Za) Ô €; 


Tp 
Tot ы 
m (AE 
= (Det. Du 75 CE | (71) 


The values of the equivalent current and voltage detection 
coefficients are listed below for convenient reference. 
pe = |- г. Tolle с ð ko до,» 
= ОЕ ЕЁ. "Qe, де, 
Rony? + Xu m ,9 Kp kp 
(ro t+ Ron)? +X or? ғ ðe, е siad 
_ 2VRwipXw 0 ^4 MON (72) 
(7+ Еь): + Хь? д» 


| oh? + Loh | 
(rat Ёһ)?+(тх»һ+ Хм)? 
(Det. E) =(ry+Re) (Det. I) 


(Det. Т) = 
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__ te _[__teZa ake до» 
(Det. П): = 4(7, + Zu) | nc Za ”д €g + дез 


Rar Xy г 29 К, 
(r +R) +X " де, component 


ТЕ: 22] тоша (ш) 


ттын с шт tion 
Vot Ron) +X 96 "m 


| T gh? хо? | 
(ra Ren)? + (zo Xa) 2 
(Det. Е), = (rp+Zu) (Det. Г) 


= aa рс. d ЖЫ Tg Zo д К, 
(Det. Da тт uctus n-FZa ðe 
до» Ron? + Хь? j 9 kp 
Qe, (Tp t+ Ron)? +X on? ? Qe, component 


2 де of double 
__МВыт Хы? _ p | modulation (74) 


У Get Bu)? + Xen! "де, |' frequency 
| T oh? + Loh" | 

(ra Ra)*4- (2+ Xa)? 
(Det. E) = (r,+ Zu) (Det. I)» 


Equations (72), (73), and (74) give the final and complete 
values, to the approximation allowed by the assumptions made, 
of the change in plate current and the currents of modulation 
frequency and of double modulation frequency when the im- 
pressed signal is very small. It is evident that the equivalent 
current and voltage detection coefficients (Det. I) (Det. Dn, 
(Det. E);, and (Det. E): are, in the case of the triode, all com- 
plex quantities. Attention is called to the fact that the value of 
(Det. I) depends upon the load in the plate circuit, whereas the 
voltage detection coefficient (Def. E) is independent of the plate 
load. (Det. E) gives the equivalent voltage of audio frequency 
which is considered to be introduced into the plate circuit by 
detection and from which the current in the plate circuit can be cal- 
culated when the total impedance of the plate circuit is known. 
The voltage detection coefficient is, therefore, a better quantity 
to express the detecting ability of a triode. 

It is evident that the theory can be easily extended to give 
the amplitudes of the sum and difference components when there 
Is more than one frequency of modulation. 
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A very simple transformation makes somewhat easier the 
interpretation of the equations (69) to (74). Since o,=ppkp, 
then 


POE ; M 15 

де, д е, uL де, (75) 
This relation can now be substituted in equations (69) to (74). This 
simplification, however, is expressed only in the case of equation 
(70), for this equation is the one of greatest interest. The other 


equations can, by comparison with the following new form for 
(70), be easily changed. 


AM -iziz5l- To Za Ok, до, 
и 4(, +20) naZa de, е 


_2у R +Хь? д V Ron? T Хь? 
EV (rp + Ror)? TX *à e, ep WV (rot Rs)! 4- Хь? 
(2- V Ron? + Xy? ) „9 J 

V (7,+Вь) tX ^ e, 


Toh + zu! AE» 
eee Vine E) (76) 

An examination of equation (73) or the transformed form 
given by equation (76), giving the audio current of modulation 
frequency, shows that detection or demodulation by a triode is a 
very complex process depending upon the audio and radio 
impedances in both the grid and place circuits as well as upon 
the tube coefficients and several of their derivatives. It is im- 
possible to form any idea of the magnitude of the several terms 
of the expression without knowing the values of the tube co- 
efficients and their derivatives. For a hard tube the grid-plate 


, се F . : Op 
conductance © is usually positive, but its derivative 3e, may be 
2 


either positive or negative. The second term of equation 
(76) is positive for the part of the plate current curve which is 
concave upward and negative for the part which is concave down- 
ward. This second term is the most important one which con- 
tributes to plate-circuit rectification. k, and its derivative with 
respect to e, are usually positive, so that the first term is usually 
negative. This is the principal term when a grid leak and stop- 
page condenser or the equivalent are used. The other terms are 
usually of less importance than the first two and are in general 
negative because of the negative signs before them. The rela- 
tive magnitudes of the several terms will be given in а special 


DETECTION OF SMALL SIGNALS 135 


numerical case. If a gas tube is used the relative magnitudes and 
signs of the several terms may be very different from those for 
a hard tube. A more complete discussion of the equations will be 
given when the experimental results are considered. 

When a detector is used in practice some of, the impe- 
dances included in the general expression (76) may be negli- 
gible or absent. At this point, therefore, several special but 
practical cases of (76) will be examined. In order to make the 
study more definite the various characteristics of a certain typi- 
eal triode which contribute to the detection coefficient were 
experimentally determined and are here presented. The tube 
used is a Cunningham type 301-A. Figure 7 is a plot of the plate 


Cy In volts 


Figure 7—Plate Current and Grid Current of Cunning- 
ham 391-A Tube 


and grid currents. Figures 8, 9, 10, and 11 are, respectively, the 
values of #,, kp fp and k,, of the tube. The values of the de- 
rivatives of these curves were obtained graphically. Evidence 
of a trace of gas is apparent in the irregularities in the course of 
most of the curves. 


Н. BROWNING 
Case 1. Simple Plate Circuit Rectification. 


G. 
the simplest case of rectification we may assume that there are 
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To examine 


no high-frequency impedances in the plate circuit and no low- 
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of negligible impedance in comparison with т, to the high- 
frequency current. Expressions (72)-(74) now reduce to the 
following: 


FiaurEe 10—Grid-Plate Conductance of Cunningham 


301-A Tube 
Tp_ 19% 
(Det. 1) С ту+Вь 4 де, | (77) 
(Det. E) ="? 
et. 4 де, 
oT 108, 
(Det. I); E2457 - 
(Det. E) „е 
е е l 4 ° д е, 
Tp 109 
(Det. Da ~ Pot Zoot 4 à e; (79) 
(Det E)u Es 
е ? 
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The factor B (see (62)) is practically unity, because Ren and 
Xen are usually small. 
An examination of equations (77)—(79) indicates that in this 
д 0? 4 
simple case detection depends upon the value of de or z 
0 


дс 
Figure 13 gives the values of n derived from Figure 10. "The 
g 


irregularities in the 7, curves due to a trace of gas are much more 


дс, 
pronounced іп the curves of $i 
9 


Case 2. Plate Circuit Rectification with Tickler Coil. This 
ease differs from Case 1 only in that a radio impedance is 


| : | Е pc 
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FicvRE 11—Grid Conductance of Cunningham 301-A Tube 


added in the plate circuit in the form of a tickler coil. As an 
approximation, the radio impedance may be considered purely 
reactive of value Lp wh. 

The coupling of L, to the grid circuit reduces the effective re- 
sistance of the oscillatory circuit, thereby increasing the value of 


FIGURE 12 
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the applied voltage 4 Ё, and in addition, introduces a resistance 
component into the plate circuit. The value of the resistance 
added to the plate circuit is usually small in comparison 
with r, and is here neglected so that the coupling does not 


дс 


Figure 13— 


де, for a Cunningham 301-A Tube 
change the value of the detection coefficient but increases the im- 
pressed signal voltage. 

Equation (76) is in this case the best expression to use and 
reduces to the following form 


_ 5 0c, Lp wh Ж др, 
(Det. I)i= 4(r,+ Zu) E е, k VT+ 1, o»? "де, 
Lp wh Lp wr ,9 "i 
— > m 8H -—— 
VT+ Ly? =(2 ry! +L,’ wh? ‘ д €» (80) 


Here again B (see (62)) is assumed to differ little from unity. 
e will now examine the relative magnitudes of the three 
де 
terms of (80) for the particular tube tested. The values of 3 - 
g 


mE ди 
‘re shown in Figure 13. The magnitude of ба plotted 
p 
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against grid voltage is given in Figure 14, which shows that the 
second term is of negligible importance for negative grid voltages. 
The values of the detection coefficient for positive grid voltages 
greater than about one are of little interest because. although the 
magnitude of the detection coefficient may be large for these 
voltages, the input resistance of the grid circuit is so low that the 


Ё, in velts 


au, 


FiGtre 14— 96, 3 for a Cunningham 301-A Tube 


€, 


applied voltage А E, across the oscillatory circuit is much re- 


ðk 
duced. Figure 15, which gives the values of Ho 
a p 


Ok, . 
for negative grid potentials А»? "a: of the same order of mag- 
ы р 


, and because of the negative sign before this third 


, Shows that 


де, 
д е, 
term, operates to reduce the detection coefficient. Evidently 
then a radio-frequency impedance in the plate circuit of a detector 


nitude as 
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FIGURE 15— y, 9% for а Cunningham 301-A Tube 


д 


DETECTION OF SMALL SIGNALS 141 
operating with plate circuit rectification reduces the effective 
detection coefficient. | 

Case 3. Simple Grid-Circuit Rectification. This саве, 
illustrated in Figure 16, applies to the most common use of a 
triode as a detector. The grid leak R, is shunted by the grid 


ШШ 
Р, 
^ Figure 16 
condenser С,. Ё, is usually of the order of from 1 to 10 meg- 


ohms and С, from .00005 to .00025 microfarads. The equiva- 
lent series resistance and reactance in the grid circuit are 


1 
fc To ES 
Е 1 R? С? w? 
Xo 7o лү (81) 


At radio frequencies the value of RA, is negligible, and 
Xa- m. is also usually negligible compared with r,. 
1 Wh | 

_ At audio frequencies Ra and Ха have values which vary much 

with frequency dependent upon the value of Ё,? С,? w as com- 

pared with unity. The table below gives the values of this quan- 

lity for different frequencies п when E; = 1 megohm and C; = .0001 

^ f, and also when R, =2 megohms and C; = .0002 ^ f. The value 


of RC, ог can readily be deduced from the table for other 
values of R, or C4. 


R, ("12 со? 
for R,=10° ohms . for Rı=2X10f ohms 
n C,=.0001 ку. С. = .0009 ».f. 
100 ‚ 00395 ‚0631 
500 ‚0988 1.58 
1000 ‚395 6.31 
2000 1.58 25.3 
1000 6.32 101. 
8000 25.: 405. 
10000 39.5 631 
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Equation (73) reduces in the case now considered to the follow- 
Ing: 
ia zil- Ted. Za, д Е, К, H 
4(r, TE SA Tj Iz *à e, € де, 
- 2 _ Tg Ёа „ д ӘК, ‚| 
T FZ "de де, 


(Det. І): = 
(82) 


Factor В is again assumed equal to unity. 
с 
Evidently when S is positive the second term deducts from 
g 
the effect of the first term, but since the maximum value of the 
first term is usually more than ten times greater than the maxi- 
mum value of the second term, the latter is of little importance. 
ð 
Let us assume that the plate voltage is so adjusted that 
A 
is small so that it may be neglected. Then (82) becomes 
Eu: To Za , a k, 
Alro + Zu) Tg "rz (83) 
(Det. E):= TT Ža g, 2t 
| ! ry + Za "де, 
The magnitudes of (Det. Г), and (Det. Е); іп terms of R, and C; are 
— —— 
4 / (r+ Ra)? + Хы: 
Р, oot k, 
V (Е C)? w + 1) + Rik, (L+R: Ej 
(Det. Ei ° зы о ey T 
d EX рас or l + Rika + Ek) е, 


(Det. І): = 


( Det. I), = 


(84) 


: dk e 
Figure 17 shows the manner in which ©» T varies with E, fora 
9 


type 301-A tube. 
_ The shape of the detection coefficient curve as plotted against 
E, is as much dependent upon the fraction 
R, 
= V GG? С or? +1) +R: k,(2+ Ri К) (85) 


д 
as upon the shape of the curves of 9» — . Furthermore, the 


:, 
де, 
fraction (85) contains the term R,?C,?;?, which makes the detec- 
tion coefficient a function of frequency. 

The rapid manner in which F varies with grid polarizing 
potential for particular plate potentials and values of А, and C, is 
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shown in Figure 18, and the variation of F with frequency is 
indicated in Figure 19. | 
The detection coefficient due only to grid-current rectifica- 


tion is equal to 
Рх S M i (87) 
A(r B r+ Zl "де, 


The value of (Det. I); for E,=60 volts has been calculated from 
(87) and is later shown compared with an experimental deter- 
mination of the detection coefficient for the 301-A tube. 

Case 4. Grid-Circuit Rectification with Tickler Coil. 
The diagram of connections for this case is the same as shown 


(Det. 1): = 


ШЖ d iit Nee i 
Ё, in vaika 
FIGURE 17— o, ĉi for a Cunningham 301-A Tube 


in Figure 16 except that a tickler coil is added in the 
plate circuit. The back coupling, as in Case 2, in effect decreases 
the effective resistance of the oscillatory circuit resulting in an 
increased value of the impressed signal voltage. The tickler coil 
also introduces a radio reactance in the plate circuit. 

The detection coefficient, therefore, depends upon every term 
of the complete equation (73) or of the better form (76). The 
first term is much the largest of the four terms. The third term 
is usually negligible. The second and fourth terms are of the 
same order of magnitude, but of opposite sign. Therefore, the 
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radio load in the plate circuit is in this case an advantage because 
it increases the value of the fourth term which acts to help out 
the first or main term. j 


III— EXPERIMENTAL DETERMINATION OF DETECTION COEFFICIENT 
AND CHECK oF THEORY 


Method of Measurement of Detection Coefficient. The 
current detection coefficient can easily be measured by a 
null balance method best explained by reference to the 


s3 W255) 9 24^)» 
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Figure 18—Factor F for a Cunningham 301-A Tube 


diagram of connections shown in Figure 20. The plate 
circuit of the detector under test contains the primary 
winding of an aircore mutual inductance M+». The primary 
winding L» is shunted by a radio by-pass condenser Съ. The grid 
cireuit of the detector tube is connected through the stoppage 
condenser C; and leak R;, when these are used, and through a 
potential divider, supplying the grid polarizing potential Ec, 
to the potential terminals of a small known four-terminal 
resistance R,. The resistance R, is included in the oscilla- 
tory circuit of a radio oscillator so that the oscillatory 
current multiplied by the resistance R, gives the radio 
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signal impressed on the detector. The plate circuit of the 
oscillator is fed by a plate battery Ев’ in series with a source of 


C ja megohms 


T -[* 
Jooo 4000 6000 4000 /4000 


200 n 2000 


Figure 19—Variation of Factor F with Егедџепсу— Е, =60 Volts 


1,000-cycle alternating current of known voltage read by volt- 
meter Em. А radio by-pass condenser С’ is connected across E m. 
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FicURE 20— Diagram of Connections for Measurement of Detection Coefficient 
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This alternating current modulates the radio-frequency current 
through the resistance R,. The modulated radio signal acting 
through the detector gives rise to a demodulated 1,000-cycle 
current in the primary winding L,. The induced voltage in the 
secondary winding of M; is measured by balancing it in phase and 
magnitude by the voltage 1,~/R?+ М? о? where both R and M 
are variable. The current Im is taken from source Em through a 
very high resistance R’ so that I, is practically equal to Li. А 
А grounded shield encloses the oscillator as shown in Figure 20. 

The values of various quantities as used in the measurements 
to be described are as follows: 


Li = .6524 h R,=537 ohms 
M,=.6538 h Cy, = .002 +f 
C\=176 + ef R,=1.937 megohms 
R,=.914 ohms 47250 meters 

Ев = 30 volts Е„ = 12 volts 

R’ = 60,240 ohms C’=.010 ^ f 


M variable up to 10,000 microhenrys (Campbell Mutual 
Inductance) 

R variable in hundredths, tenths, units, and tens. 

С.=1 һј 

А І, about 30 milliamperes 

Oscillator 201-A tube 


In order to determine if the oscillator modulates properly, 
the oscillatory current was measured for various values of Ep’, 
while E,, was zero. The back coupling of the oscillator was adjusted 
until the output current plotted against Ев’ was a straight line 
over the range of Ep’ from 10 to 50 volts, although the plot 
extended did not pass through the origin. The plate voltage was 
then set at 30 and it was assumed that when a 12-volt alter- 
nating voltage was superimposed upon the steady 30 volts the 
amplitude of the radio-frequency current varied linearly as the 
total plate voltage varied from 31'—124/2 or 13 volts to 30+ 
124/2 or 47 volts. The degree of modulation was obtained by 
reading from the linear plot the current corresponding to 30 
volts and that corresponding to 18 volts. Then the difference 
between the two currents divided by the former gives the degree 
of modulation m. This factor was in these experiments about .6. 
The unmodulated radio current AJ, was taken from the plot 
for Eg' equal to 30. 
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‘The value of the audio current in the plate circuit of the 
detector is obviously 
Em VR? + M?(27. 1,000)? (88) 

R’ Мь(2х. 1,000) 
Then referring to equation (30), the final expression from which 
the detection coefficient can be computed is 
А? I, 

/2m RA (4/2 Io)? 
_ _ Es. V R?+M?*(2 л. 1,000)? (89) 

4,000 А хл/2 т Ro? R! M,(A Io)? 


^? I= 
(Det. Г); = 


Since m varies nearly proportionally with Em, the ratio 
E | ; i : 
- remains practically constant if E,, varies slightly. 


The phase of the demodulated plate current can also be deter- 
mined. If Г, о; із small in comparison with R’, then Im is in phase 
with the modulation. The mutual inductance M, introduces а 
90° lag so that the angle between the audio plate current and 
the modulation envelope is 
_1 R 

M wi 

It is sometimes instructive to plot separately the two compo- 
nents of (Det. I); obtained from the following relations. 


: E mM __ In-phase (90) - 
24/2 т R В’ Mi(A 1)? component | 


$ —tan 


(Det. I), a= 


Е mR drature 
(Det. —— о... — — Dead 
ái Dis 4,000 . 74/2 m Ro? R! Mi(A I5)? component (91) 


Experimental Results. In Figure 21 are plotted the experi- 
mentally determined values of current detection coefficient for 
the Cunningham 301-A tube previously used.in the measure- 
ment of tube characteristics. These curves are similar in shape 
to the curves of Figure 13. The solid points shown on the dotted 
curve of Figure 21 were calculated by equation (78) for Eg = 60 
volts. These calculated points fall on a curve similar in shape to 
the observed curve but somewhat lower. This discrepancy is 
hot surprising considering the difficulty in deriving graphically 

дс, 
accurate values of —. 
д €, 

Figure 22 presents the experimental curves of the current 

detection coefficient for the 301-A tube used with а stoppage 
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condenser of 176 ^^f. and grid leak of 1.937 megohms. In taking 
these curves the actual grid potential was determined by short 
circuiting the grid leak and finding the grid potential which would 
reproduce the plate current observed when making a determina- 
tion of detection coefficient. The solid points in Figure 22 were 
calculated from equation (84) for Eg equal to 60 volts. 

Figures 23 and 24 show the effect of ionization upon the cur- 
rent detection coefficient. The curves of Figure 23 were taken 


2 
Ey in volts 


Ficure 21—Detection Coefficient Curves without Grid Imped- 
ance for Cunningham 301-A-Tube 
Full lines observed Dotted lines calculated 


with a Cunningham Gas Tube type C-300, operating somewhat 
below normal filament current in order to show temperature 
saturation of emission. No grid impedance was used so that the 
detection results from bends and kinks in the plate current curve. 
The two components of (Det. J); are plotted, (Det. I), corre- 
sponding to the component of audio plate current in phase with 
the modulating voltage, and (Det. Г)в corresponding to the com- 
ponent ninety degrees in advance of the modulating voltage. 
The numerical value of detection coefficient is of course 


(Det. Г), = % (Det. I)a? + (Det. Т) в? (92) 


Referring to Figure 23, it will be noticed that the plate cur- 
rent curves, particularly the one for 31.5 volts, have peculiar 
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shapes. The first rapid rise may be attributed to the neutraliza- 
tion of space change by the positive ions produced by ionization 
of the gas. Тһе plate current does not continue to rise at the 
first rapid rate because, due to the small amount of gas present, 
the supply of pesitive ions is insufficient to neutralize the rapidly 
increasing negative space charge and the current flattens out. 
The second bend, which is concave downward, is due to tempera- 
ture saturation of emission. The detection coefficient reflects 


(Det. I) 


0 
E, in volts 


Figure 22—Detection Coefficient Curves with Stopage Condenser for 
Cunningham 301-A Tube 
Full lines observed Dotted lines calculated 


the several bends in the plate current curves, the (Det. I)a 
being positive for bends which are concave upward and negative 
for bends which are concave downward. The very large values 
of detection coefficient corresponding to the bends which are 
concave downward can hardly be explained by the curvative of 
the plate current curves shown. The large values may be due 
to a time lag in ionization causing the dynamic plate current 
curve to be different from the static characteristic. The only 
evidence of kinks in the plate current curves is the small hump 
on the (Det. 1), curve for 31.5 volts. The curves were taken 
expressly to show the effect of ionization in changing the rates 
of curvature of the plate current curves. 

The curves of Figure 24 were taken to show the effects of 
definite ionization kinks in the plate-current curve. The tube 
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used contains caesium vapor at low pressure and is known as а 
UX-200-A. It was operated without grid impedance. One set 
of curves corresponds to a plate potential of twenty volts, but 
the other set is for a plate potential of —1.5 volts. The 
latter curves were taken not because of any practical value in 
using a negative plate potential, but because of the interest in the 
fact that electrons do sometimes flow to a negatively charged 
plate due to contact potentials, and because of the definite ioniza- 
tion kink obtained at these low potentials as evidenced by the 


à 
^ 


at 
Р, in velts 


FIGURE 23 


shape of the detection coefficient curves. This tube is supposed to 
be used with a stoppage condenser and grid leak. Under this con- 
dition of use, the maximum detection coefficient was found to 

А -g amps 
have the very large value of 7,39010 (volts)? 

Although gas tubes have very large values of detection co- 
efficient there is always present more or less hiss, which, to some 
extent, diminishes their apparent superiority as detectors. 
Furthermore, their input impedance is usually very low due to 
their large grid conductance. 
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IV—ConcLusIONs 


A rectifying detector depends in its action upon a non-linear 
relation between the instantaneous output current and the in- 
stantaneous applied voltage. 

If the impressed modulated signal voltage is small, the out- 
put contains the following components: a constant current; a 
current of modulation frequency; a current of double modula- 
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tion frequency; and currents of frequencies equal to the sum and 
difference of the several modulation frequencies. All of these 
component currents are proportional to the square of the im- 
pressed signal voltage. The component of modulation frequency 
is proportional to the degree of modulation; all others depend 
upon the square of the modulation or upon the product of the 
two modulation factors, and hence are small in comparison with 
the current of modulation frequency, if the degree of modulation 
is small. 

The voltage detection coefficient is a better measure of the 
detecting action of a rectifying detector because its value is in- 
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dependent of the impedance interposed in the plate circuit during 
the measurement of the detection coefficient. The voltage de- 
tection coefficient gives an equivalent voltage which, considered 
as acting in the plate circuit, gives the audio current which flows 
through the circuit containing r, and the plate impedance nor- 
mally used with the detector. A knowledge of r, is thus neces- 
sary. 

А hard triode used without a grid-circuit impedance, that is, 
stoppage condenser and leak or the equivalent, and with no radio 
impedance in the plate circuit, depends for its detecting action 
entirely upon the bends of the plate current curve. The resulting 
detection is usually very small. À gas tube thus used gives much 
greater detection than a similar tube highly exhausted because 
ionization increases both the lower and upper bends of the plate 
current curve. Ionization also causes kinks in the plate current 
curve resulting in a high sensitivity at such points due to the 
very large values of a " A radio-frequency impedance in the plate 

g 

circuit of a hard tube used without a grid impedance decreases 
the detection coefficient due to the lower bend of the plate-cur- 
rent curve. A tickler usually more than makes up for this de- 
crease in detection coefficient by increasing the strength of the 
impressed signal. All audio output devices in the plate circuit 
should be shunted by a condenser whose reactance is small for 
the radio frequency. 

The sensitivity of a hard triode used with a grid impedance 


“ӨК | 
depends upon the product с ww and upon а factor F, which is 
g 


equal to the equivalent parallel impedance of the grid impedance 
and the grid-to-filament resistance. The greatest sensitivity ob- 
tained for this case when using a hard tube is usually much greater 
thanthe maximum sensitivity obtainable without a grid impedance. 
7 , should be made large by using the proper plate voltage. The 
ð ky. , ү 
value of red is а maximum for polarizing voltages of a few 
a 
tenths positive, but F falls so rapidly for positive grid voltages, 
due to the increase of k,, that the point of maximum sensitivity 
is found at a grid voltage more negative than that which gives a 


| Ok, 
maxinum value of 9 PP . The detection eoeffieient curves are 
€ 


very narrow peaks so it is necessary to adjust the grid polarizing 
potential to the proper value, usually one or two-tenths of a volt 
positive. Decause of the steady rectified eomponent of current 
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in the grid circuit, a strong signal unfortunately alters the polari- 
zing potential. | 

The ordinary grid leak and stoppage condenser is not. the best 
form of grid impedance because of its variation with frequency 
and its large value at zero frequency. The ideal impedance is 
one having negligible resistance to steady currents, a high im- 
pedance for frequencies from 100 to 10,000, and low impedance for 
the radio frequency current. 

A tickler coil used with a detector provided with a grid im- 
pedance increases the detection coefficient. 

The last two terms in the detection-coefficient equation (76) 
are usually of small importance. At low plate voltages and with 
gas tubes these terms may, however, contribute largely to the 
detection-coefficient. 
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DISCUSSION ON | 

LONG DISTANCE RADIO RECEIVING MEASURE- 

MENTS AT THE BUREAU OF STANDARDS IN 1925 
(L. W. AUSTIN) 


K. Sreenivasan: The curves given by Dr. Austin as a re- 
sult of his work over a number of years established quite 
definitely that there are well marked seasonal variations of 
field strengths of radio signals. The similarity of the curves 
of monthly averages over a period of four years is certainly 
striking. But I am a little puzzled to observe the unmistak- 
able gradual increase of field strength of Bordeaux (LY) 
from year to year as shown in Fig. 5. Can this be a part of 
a cyclic change extending over a number of years corres- 
ponding to any terrestrial or solar phenomenon? Has the 
author observed similar occurrences with any other stations, 
say Nauen or Lyons? 

The strongest intensity changes of Bordeaux seem to 
occur anywhere between November and January at Wash- 
ington and at about the same time at Meudon. That this 
curve is not an isolated instance is borne out by the observa- 
tions of R. Mesny and J. Hollingworth. But while the Wash- 
ington observations on Bordeaux always show an increase in 
field strength, the curves obtained by Hollingworth for a 
member of stations show in some cases as marked a reduc- 
tion in field intensity. 

The one point of difference in the two cases is that while 
the Washington observations represent monthly averages, 
those of Hollingworth show weekly averages. In some of 
my observations on Madras (Fort) Radio (295 km. from 
Bangalore) the following results were obtained for the 
weekly averages, the working wave length being 4,000 km. 


Week ending with field strength in ру ит 
10th October iss 165 
17th ji ee 833 
24th — МЕЕ 992 
31 st ” oe 611 

7th November T 664 
14th " er 779 
215% ii 23s 982 


28th ” E 788 


156 Discussion оп Radio Receiving Measurements 


I have given these figures to show the marked changes 
that occur during this period even on 4 km. specially the low 
values of 611 and 664 „v/m for the weeks ending with 31st 
October and 7th November. While sudden and rapid changes 
in intensity take place during this period, I do not think, in 
view of the foregoing, that it will always be an increase in 
every case. 

In this connection, the suggested explanation of Dr. Aus- 
tin that the agreement of seasonal variations between the 
observations of Washington and Meudon or Bordeaux is 
due to causes in the neighborhood of the transmitting sta- 
tion is worthy of note. But in view of Hollingworth's obser- 
vations and to a little extent of the results on Madras, I am 
inclined to agree with Hollingworth that this change might 
be attributed to a rise in the height of the Kennelly-Heavi- 
side layer. 

It would have been helpful if Dr. Austin had given us 
the weekly averages and if and where necessary the daily 
values of field intensity. The monthly averages have, I 
think, a tendency to hide the comparatively transient 
changes which may afford interesting information about 
the propagation phenomena. But for the derivation of a 
working formula, the arithmetical work involved in using 
weekly values would no doubt be very great and in a sense 
unprofitable. 

Quite recently there was reported a severe magnetic 
storm which had the effeet of completely blocking communi- 
eation from England to Canada by the beam system of short 
waves. On the other hand, the reception of Annapolis in 
England showed, it appears, no signs of any departure from 
the normal. | should like to know if the author observed any 
abnormality in his readings of the 2nd and 3rd week of 
October, when the magnetice storm seems to have been 
strongest. [Ef no abnormality was observed, the explanation 
for the difference in the case of long and "beam" short 
Waves does not seem to be easy. 

L. W. Austin: In conmenting on Mr. Sreenivasan’s dis- 
eussiotr of my paper |] should like to point out that there are 
too many varying factors entering into the changes in sig- 
mal intensity to permit us to expect to tind anything like 
uniformity fiom vear to vear except by averaging over 
rather long pertods. 

The eauses of the day by day or week by week variations 
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may be quite distinct from the prevailing causes of the 
longer period changes. 

The observations made in Washington since 1922 on the 
European stations at about З P. M., E. S. T., when during 
much of the year part of the signal path lies in darkness, 
indicate in most cases a slight but regular increase in yearly 
average intensity, which is most marked in the case of 
Bordeaux. 

These changes, I agree, are probably due to changes in 
the Kennelly-Heaviside layer either in average height or in 
ionization, and it seems possible that they may be connected 
with changes in solar activity. The reality of this relation- 
ship сап probably only be settled with certainty by regular 
observations on signal intensity covering at least two sun- 
spot cycles. 

In regard to Mr. Sreenivasan’s question concerning long 
wave reception during the second and third weeks of last 
October, our records do not show any exceptional peculiari- 
ties. 

Of course we are always glad to send mimeograph copies 
of our daily signal measurements to anyone interested, as 
was announced in the "Proceedings," when the regular pub- 
lication of these measurements was discontinued some years 
ago. 
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DIGEST OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY 


Issued November 2, 1926—November 23, 1926 
By John B. Brady 
(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,6041,552—HA MMARLUND, L. A., Floral Park, New York. Filed Jan. 10, 
1925, issued Oct. 26, 1926. Assigned to The Hammarlund Manufacturing 
Company, Incorporated. 


CONDENSER of variable plate construction where the plates are supported 
in slotted bearing members which are in turn carried by grooved insula- 
tion members constituting the condenser frame. 


1604,986—W. E. GARITY, New York, N. Y. Filed October 7, 1921, issued 
Nov. 2, 1926. Assigned to De Forest Radio Telegraph & Telephone Co. 


ALTERNATING CURRENT GENERATOR in which а construction of tubes 
is employed having two separated cold electrodes with a restricted elec- 
tron discharge path therebetween for use in variable light controlling 
systems. 


1,604,987—J. S. GARVIN, New York, N. Y. Filed Dec. 13, 1920, issued Nov. 
2, 1926. Assigned to Western Electric Co. Inc. 


ENERGIZING CIRCUITS FOR VACUUM TUBES in which direct current 
kenerators are employed for supplying the filament and plate circuits of 
On aes and resistances arranged in circuit for controlling the 
potentials. 


1,695,601 —F.. SCHROTER. Berlin-Schmargendorf, Germany. Filed Mar. 30, 
1301, issued Nov. 2, 1926. Assigned to American Telephone & Telegraph 
ompany. 


VACUUM VALVE WITH GLOW DISCHARGE where a pair of electrodes are 
spaced apart by a relatively small unobstructed gap by which a glow dis- 
charge may be produced. 


1,565,121 —F. LOWENSTEIN, New York. N. Y.; John C. Wait, Administrator 
of said Е. Lowenstein, deceased. Filed May 23, 1921, issued Nov. 2, 1926. 
Assigned to Radio Patents Corp. 


RADIO APPARATUS consisting of a wave generator system with simultan- 
eously operative control members for adjusting the several circuits of a 
Signaling system through single actuator. 


16605.230— W. Е. HENDRY, New York. N. Y. Filed July 14, 1920, issued 
Nov. 2, 1926. Assigned to Western Electric Co., Inc. 


ELECTRON DISCHARGE DEVICE AND METHOD OF MANUFACTURING 
THE SAME where a collar is provided for gripping a stem within a tube 
with blocks of insulating material attached to the collar for supporting 
the electrodes within the tube. 


1,0595.333——F. W. DUNMORE, Washington, D. C. Filed Sept. 4, 1925, issued 
Nov. 2, 1926. 


RADIO RECEIVING APPARATUS in which several circuits are tuned simul- 
taneously through a series of independent adjusters opernted by a single 
actuator arranged to move a series of condensers in cooperation with a 
System of cams. 


1,605,607—Р. О. PEDERSEN. Frederiksberg, Denmark. Filed June 21, 1919, 
issued Nov. 2, 1926. Assigned to Poulsen Wireless Corp. 


ARC CONVERTOR wherein a pair of arc electrodes are nrranged at a dis- 
а equal to the most favorable distance of travel of the arc along the 
cathode. 


1.605,608_р O. PEDERSEN. Frederiksberg, Denmark. Filed June 21, 1919, 
sued Nov. 2, 1926. Assigned to Poulsen Wireless Corp. 


ARC CONVERTOR in which a pair of electrodes are provided for establishing 
an are with a plurality of blow pipes for imparting cooling blast to the 
cathode at a point where the arc is to be extinguished. 


——M 
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1,605,627—R. E. THOMPSON, Nyack, N. Y. Filed April 17, 1922, issued Nov. 
2, 1926. Assigned One-half to Wireless Improvement Co., and one-half 
to Wireless Improvement Co., Inc. 


RADIO RECEIVING APPARATUS in which a signaling receiving circuit is 
adjusted over a definite frequency range with an electron tube system 
having a non-resonant grid circuit with a high resistance winding therein 
for preventing oscillation while permitting regeneration. 


1,605,723—G. W. HEATH, East Orange, №. J. Filed Oct. 11, 1922, issued Nov. 
2, 1926. Assigned one-half to Alfred C. Heath. 


VARIABLE CONDENSER in which vernier movement for obtaining accurate 
Variation engages with the periphery of one of the rotor plates. 


1,605,735—C. W. HOUGH. Boonville, N. Y. Filed Jan. 16, 1926, issued Nov. 
2, 1926. Assigned to Wired Radio, Inc. 


ELECTRON TUBE SYSTEM wherein the usual house lighting current may be 
employed for exciting the circuits of the electron tubes, the same tube 
serving as a rectifier and an amplifier in a signal receiving circuit. 


арт L. MARTIN, Amarillo, Texas. Filed Nov. 20, 1925, issued Nov. 


AERIAL AND GROUND CONNECTION FOR RADIO SETS where connec- 
tions may be made between a radio cabinet through contacts established 
between the cabinet and connections upon a supporting structure on 
which the cabinet may rest. 


1,605,804—D. Е. ASBURY, Washington, D. €. Filed Jan. 18, 1924, issued 
Nov. 2, 1926. 


OPERATING MECHANISM FOR PLURAL TUNING UNIT RADIO APPARA- 
TUS where a plurality of condensers may be simultaneously actuated or 
the condensers may be independently moved through a series of inde- 
pendent adjusters. 


1,606,008—H. J. WIEGAND, Milwaukee, Wis. Filed May 29, 1922, issued 
Nov. 9, 1926. Assigned to The Cutler-Hammer Mfg. Co. 


CAPACITANCE CONTROL DEVICE where sets of rollers are arranged for 
the movement of a flexible conductive sheet from one roller system to 
another in the variation of electrical capacity. 


1,606,184—V. L. Ronci, Brooklyn. N. Y. Filed Dec. 17, 1924, issued Nov. 9, 
1926. Assigned to Western Electric Co. 


ELECTRON DISCHARGE DEVICE where а collar is provided around a 
tubular member within an electron tube structure with а bifurcated 
diee straddling the collar and providing an electron support within 
the tube. 


1,606,283—R. WOLF and A. A. WADSWORTH, Jr., of New York, М. Y. Filed 
Sept. 22, 1922, issued Nov. 9, 1926. Assigned to Hollan S. Duell and 
Kenneth O'Brien. 


RADIO RECEIVING SYSTEM in which an electron tube circuit has its input 
and output circuits coupled by a free ended inductance connected with 
the cathode circuit. 


1,606,476—J. О. MAUBORGNE and GUY HILL, of Washington, D. C. Filed 
May 241, 1920, issued Nov. 9, 1926. 


RADIO SIGNALING SYSTEM in which a wave coil is arranged for operation 
as & direction finder. 


1,606,660—H. E. MOTT and J. P. MAURER, of Montreal, Canada. Filed Nov. 
20, 1925, issued Nov. 9, 1926. 


ELEC'TRICAL CONDENSER of variable plate construction in which the rotor 
plates are driven through a system of gears for obtaining micrometer 
adjustment of the condenser. 


1,606,773—E. L. NELSON, of East Oranve, New Jersey. Filed Aug. 3, 1923, 
issued Nov. 16, 1926. Assigned to Western Electric Company, Inc. 


TRANSMISSION SYSTEM for duplex operation wherein carrier waves of 
different frequencies are emploved and while the frequencies may vary 
during duplex operation, the difference between the frequencies is main- 
tained constant. 


1,606,775— ALEXANDER NYMAN, of Wilkinsburg, Pennsylvania. Filed Jul 
15, 1920, issued Nov. 16, 1926. Assigned to Westinghouse Electric 
Manufacturing Company. 
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COMBINED RADIO SENDING AND RECEIVING SYSTEM where electron 
tube circuits are arranged in balanced relationship in such manner that 
mechanical switching between the transmission and receiving periods is 
unnecessary. І 


1,606,791—J. W. HORTON, of Bloomfield, New Jersey. Filed July 18, 1924, 
issued Nov. 16, 1926. Assigned to Western Electric Company, Inc. 


OSCILLATION GENERATOR comprising electron tube circuits arranged 
for the production of oscillations with means for preventing reaction of 
the load circuit upon the electron tube circuits comprising a path includ- 
ing resistance, capacity, inductance elements in series and resistance 
elements in shunt therewith. 


1,606,792—F. W. ISLES, of Brooklyn, N. Y. Filed Oct. 6, 1919, issued Nov. 
16, 1926. Assigned to Western Electric Company, Inc. 


OSCILLATION GENERATOR FOR CURRENT OF CONTINUOUSLY VARY- 
ING FREQUENCY consisting of a variable conductor having a rotatable 
core portion for varying its impedance. The inductance of the inductor 
Ü cyclically varied by uniformly and continuously rotating the core por- 
ion. 


1,606,$09——B. Rosenbaum, of Berlin, Germany. Filed Oct. 31, 1921, issued Nov. 
16, 1926. Assigned to Westinghouse Electric & Manufacturing Co. 


RADIO APPARATUS in which the tuning elements are interlinked by a sys- 
tem of levers for simultaneous operation for controlling the apparatus 
from a single actuator. 


1,6606,329——V. A. R. FERNANDES, of Cambridge, Mass. Filed June 6, 1925, 
issued Nov. 16, 1926. | 


ARRANGEMENT FOR PRODUCING OSCILLATIONS BY MEANS ОЕ 
VACUUM TUBES where a vacuum tube path is provided for the current 
in shunt with the main vacuum tube path for varying the distribution 
of the current between the two paths at the period of the oscillations. 


l.605.3414—ROBERT HERZOG, of Berlin, and LEO PUNGS, of Berlin-Char- 
lottenburg, Germany. Filed Aug. 23, 1921, issued Nov. 16, 1926. Assigned 
to C. Lorenz Aktiengesellschaft. 


MEANS FOR KEYING IN RADIO TELEGRAPHY wherein an electron tube 
circuit is arranged to be controlled for in turn controlling the magnetic 
condition of an inductance device in the antenna circuit of a transmitter 
for the formation of signals. 


i ors PICARD, of Paris, France. Filed June 19, 1925, issued Nov. 
, 1926. 


VARIABLE CONDENSER WITH SMALL LOSS wherein silicious insulating 
material is provided for supporting the frame members of а condenser 
which in turn carries the plates of the condenser. 


l657,19—O. €, DEUTSCHER, of Brooklyn, N. Y. Filed Aug. 10, 1925, 
issued Nov. 16, 1926. 


CONDENSER of variable construction where a hinged plate of triangular 
shape may be swung toward or away from a fixed plate. 


1,657,15$—J. Н. HAMMOND, JR., Gloucester, Mass. Original filed Feb. 15, 
1917; renewed July 24, 1923; issued Nov. 16, 1926. 


MULTIPLEX METHOD AND SYSTEM FOR "HE TRANSMISSION OF 
RADIANT ENERGY in which a series of oscillations are tramamitted and 
impressed upon selectively tuned circuits which operate independently 
for separating the signaling energy into different channels. 


1.657,158—J. H. HAMMOND, Jr., Gloucester, Mass. Original filed Feb. 15, 
1315; renewed Oct. 31, 1922; divided Aug. 2, 1923; renewed Mar. 27, 1926; 
Issued Nov. 16, 1926. 


ELECTRIC DEVICE in the form of a vapor tube particularly adapted for 
the generation of hign freqgucney oscillations. 


1,607,278—P. C. HEWITT, Ringwood Manor, N. J. Original filed April 23, 
1320: renewed July 21, 1926; issued Nov. 16, 1926. Assigned to Cooper 
Hewitt Electric Co. 


SYSTEM FOR THE TRANSMISSION AND RECEPTION OF RADIANT 
ENERGY for securing secrecy in transmission and reception where a 
Series of wave trains are simultaneously emitted to obtain а predeter- 
mined difference in phase relationship between the different waves for 
Selective reception at a correspondingly arranged receiver. 
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1,607,277—P. С. HEWITT, Ringwood Manor, N. J. Filed Rec. 1, 1920; issued 
Nov. 16, 1926. Assigned to Cooper Hewitt Electric Co. 


METHOD AND SYSTEM FOR THE TRANSMISSION OF RADIANT EN- 
ERGY for secret signaling where a plurality of successive series of per- 
iodic impulses are transmitted and received for controlling by their con- 
joint action, the receiving apparatus. 


1,607,277—P. С. HEWITT, Ringwood Manor, N. J. Filed Dec. 1, 1920; issued 
1921; renewed July 31, 1926; issued Nov. 16, 1926. Assigned to Cooper 
Hewitt Electric Co. 


SYSTEM FOR ELECTRICAL DISTRIBUTION in which a vapor tube is em- 
ployed іп a circuit for generating high frequency oscillations where the 
time period of operation of the tube is fixed by a special reactance circuit. 


1,607,456—J. Н. HAMMOND, JR., Gloucester, Mass. Original filed May 8, 
1918; renewed May 1, 1925; issued Nov. 16, 1926. 


METHOD OF AND APPARATUS FOR PRODUCING ALTERNATING CUR- 
RENTS in which a vapor tube is arranged for the transformation of 
direct or low frequency current into high frequency oscillations. 


1,607,167—M. LATOUR, Paris, France. Filed Dec. 5, 1923, issued Nov. 16, 
1926. Assigned to Latour Corporation. 


HIGH POWER THERMIONIC VALVE in which the cathode is heated by 
currents induced therein by the control winding for obtaining electron 
emission which may be varied for effecting desired control in an asso- 
ciated circuit. 


1,607.485—H. SCHMIDT, Berlin, Germany. Filed Feb. 2, 1924, issued Nov. 
16, 1926. 


WIRISLESS SECRET TELEPHONY wherein the frequency of the transmitter 
is variably controlled and the receiving circuits at distant receiving sta- 
tions correspondingly control'ed in synchronism with the transmitter. 


1,607,682—DE LOSS K. MARTIN, West Orange, N. J. Filed Mar. 22, 1924, 
issued Nov. 23, 1926. Assigned to American Telegraph and Telephone 
C'ompany. І 


RADIO REPEATER SYSTEM where the frequency of the received waves is 
changed at each repeater station and undesirable singing between the 
repeater stations positively prevented. 


1,607,683—DE LOSS K. MARTIN, West Orange, N. J. Filed Mar. 22, 1924, 
issued Nov. 23, 1926. Assigned to American Telephone and Telegraph 
Company. 


RADIO REPEATER SYSTEM where two way communication may be con- 
ducted on different signaling frequencies without interference between 
the channels. 


1,607,837—DE LOSS K. MARTIN, West Orange, N. J. Filed Mar. 22, 1924, 
issued Nov. 23, 1926. Assigned to American Telegraph and Telephone 
Company. 


RADIO REPEATER SYSTEM in which a plurality of repeater stations are 
located between terminal stations and communications transmitted there- 
between without interference between the channels. 


1,607, 856—ERNEST K. YAXLEY, Chicago, Ill. Filed Mar. 10, 1926, issued Nov. 


23, 1926. 


ELECTROSTATIC. CONDENSER where a plurality of circular plates are 
built as a unit in a condenser structure and riverted at the center thereof. 


1,607,952—G, HOLST and A. BOUWERS, Eindhoven, Netherlands. Filed 
Aug. 25, 1925, issued Nov. 23, 1926. Assigned to N. V. Philips’ Gloeilamp- 
enfabrieken, 


BLECTRIC DISCHARGE TUBE where the outer wall of the tube is built up 
of alternately positioned sections of conductive insulated material. 


LEEK 008—0, SCHAFFER, Berlin, Germany. Filed June 5, 1924, issued Nov. 
23, 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 


ARRANGEMENT FOR GENERATING AUDIBLE FREQUENCIES IN HIGH 
FREQUENCY SIGNALING in whieh an electro-acoustic device iS ar- 
ranged in circuit with a signaling system for controlling the high fre- 
ацепеу signaling energy. 


Geographical Location of Members Elected January 5, 1927 


Transferred to Fellow Grade 
Winfleld, L. I., N. Y., 


Transferred to Member Grade 


Bloomfield, N. J., 216 Berkeley Ave., 
New York City, 41 Park Row, 


Elected to Member Grade 


Cleveland, Ohio Case School Applied Science, 
Melbourne, Australia, 44 Lincoln Road, Essenden, 
London, England, General Post Office, 

Tonga, Mukualofa, 

C. S. S. R. (Russia), Moscow, Gagarensky Perenlok 2B, 


Elected to Associate Grade 


E! Granada, California, 

Glendale, California, 118 S. Brand Hlvd., 

Los Angeles, C'alifornia, 757 So. Main Street, 
"Tujunga, California, P. O. Box 456, 

“ап Muys, California, 14707 Victory Bivd., 
Hartford, Conn., 46 So. Marshal! St., 
Hartford, Conn., 314 Collins St., 

New Haven, Conn., 224 St. Ronan St., 
Stamford, Conn., c-o Electric Specialty Co., 
Stamford. Conn., c-o Electric Specialty Co., 
Wethersfield, Conn. ., P. О. Box 108, Nott St., 
Washington, D. C., Bellevue, 


Washington, D. C., e Chevy Chase Apts., 
Washington, D. C., Radio Sec., Bureau Standards, 
washington. D. C., 2633-15th Street, N. W.. 
Washington, D. C., 633 Raleigh Place, S. E. 
Washington, D. C., 2633-15th Street, N. W., 


Alboin, Illinols, P. O. Box 65, 
Chicago, Illinois, 4737 Ingleside Ave., 
Chicago, Illinois, 821 Railway Exchange Bldg., 
Chicago, Illinois, 1076 Roosevelt Road, 
Chicago, Illinois, 5787 Ridge Ave., 
Chicago, Illinois, 8729 Harvard Ave., 
Chicago, Illinois, 115 N. Ellzabeth St., 
Chicago, Illinois, 5833 Circle Ave., 
Chicago, Illinois, 6729 Bosworth Ave., 
Chicago, Illinois, 5638 S. Washtenaw Ave., 
Chicago, Illinois, 4158 Argyle St., 
Chicago, Illinols, 3532 W. Adams St., 
Chicago, Illinois, 1647 East 69th St., 
Chicago, Illinois, 2136 Indiana Ave., 
Chicago, Illinois, 230 East Ohio St., 
Chicago, Illinois, 473414 Woodlawn Ave., 
Chicago, Illinois, 7609 East Lake Terrace, 
Elmhurst, Ilinois, 250 South St., 
Evanston, Illinois, 804 Ridge Terrace, 
Freeport, Illinois, 130 Pan Main St., 
Mt. Morris, Tllinois, 115 N. Wesley Ave.. 
Oak Park. Illinois, 815 N. Lombard Ave., 
Urbana, Illinois, 101 S. Busey Ave., 
Clarinda, Iowa, Radio Station RoS 
Dubuque, Iowa, 1228 N. Booth S 
Sabula. Iowa, 
West Oelwein, Iowa. 211-5th Ave., 
Lawrence, Kansas, Univ. of Kansas, 
Wichita, Kansas, 1437 Ellis Ave., 
Frankfort, Ky., 311 East Main Street, 
Louisville, Ky., 316 E. Caldwell Ave., 
New Orleans; La.. 217 Custom House Bldg.. 
Baltimore. Md., Room 13, Custom House Bldg., 
Longmeadow, Mass., 609 Longmeadow St., 
New Bedford. Mass., 162 North St., 
Roslindale, Mass., 570 Hyde Park Ave., 
Springfield, Mass., Amer. Bosch Magneto Co., 
Springfield, Mass., &87 Chestnut St., 
Springfield, Mass., 2787 Main St., 
Springfield, Mass., 10 Cloran St., 
Wellesley, Mass., Grove Street, 
Wollaston, Mass., 55 Franklin Ave. А 
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|. INSTITUTE ACTIVITIES 


NEW YORK MEETING, FEBRUARY 2. 


At the February meeting of the Institute, held in the 
Engineering Societies Building, a paper entitled “Vacuum- 
Tube Nomenclature" by Dr. E. L. Chaffee was presented. 
The paper was discussed at length by Dr. Chaffee, J. E. 
Smith, George R. Metcalfe, J. C. Warner, A. V. Loughren 
and others. About two hundred members attended the 
meeting. 


FEBRUARY MEETING OF BOARD OF DIRECTION 


At the meeting of the Board of Direction, held at Insti- 
{ще Headquarters on February 2, the following were рге- 
sent: Dr. Ralph Bown, President; Dr. A. N. Goldsmith, 
Secretary ; W. F. Hubley, Treasurer; Donald McNicol, Past- 
President: R. A. Heising, J. V. L. Hogan, R. H. Marriott, 
L. E. Whittemore and J. M. Clayton, Assistant Secretary. 

For the position of Manager, with terms of one year 
each, the following were appointed by the Board of Direc- 
tion: J. V. L. Hogan, L. A. Hazeltine and R. Н. Manson. 

The following Institute officers were appointed by the 
Board: W. F. Hubley, Treasurer ; Dr. A. N. Goldsmith, Edi- 
tor of Publications and Secretary. 

Upon recommendation of the Admissions Committee the 
following transfers and elections were approved by the 
Board: Transfer to the grade of Fellow, Frank Conrad. 
Election to Fellow grade, Dr. K. W. Wagner. Transfer to 
Member grade: B. W. David, C. E. Drew, Glenn D. Gillett, 
Virgil M. Graham, Oscar B. Hanson, H. W. Lamson, P. K. 
McElroy. The following were elected to Member grade: 
W. E. Barber, C. D. Barbulesco, K. E. Edgeworth, E. H. 
Freeman, J. D. Graf, L. M. Heron, J. W. Millon, Jr., Miss 
Mary T. Loomis, E. J. T. Moore and I. P. Rodman. 

One hundred and eighteen Associate and eight Junior 
members were elected. 

À geographical distribution of membership, prepared in 

k form, was presented to the Board by the committoe 
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composed of E. R. Shute, D. H. Gage, and M. Berger. This 
list will be useful not only in ascertaining the present mem- 
bership distribution but also in planning the work of future 
Sections of the Institute. 

Standard forms of procedure to be followed in the 
establishment of a Section, and a standard Section Petition 
form, were submitted to the Board by the Sections Commit- 
tee and were adopted. 


Committee Activities 


FROGRESS OF COMMITTEE ON STANDARDIZATION, 1926 


Early in 1926 the Institute published a report of the 
Committee on Standardization which was the result of the 
work of the Committees of 1923, 1924, and 1925. 

During the year 1926 the Committee has carried on its 
work through five subcommittees, of which the Chairmen 
are as follows: 


1. Vacuum Tubes—L. A. Hazeltine. 

2. Circuit Elements—Professor H. M. Turner. 
3. Receiving Sets—Dr. J. H. Dellinger. 

4. Electro-Acoustic Devices—R. Н. Manson. 

5. Power Supply—R. H. Langley. | 


These subcommittees have undertaken the formulation 
of methods of expressing and measuring the characteristics 
of radio receiving apparatus and associated circuit elements 
and devices falling within their respective fields. No gen- 
eral effort is being made to revise the definitions contained 
in the recently published report, but recommendations will 
be made as to any new definitions or symbols or any changes 
which the subcommittees find, during the course of their 
work, to be desirable. 

Coordination of this work with that of other organiza- 
tions interested in this general subject is facilitated by the 
presence on this committee of representatives from the 
Radio Division of the National Electrical Manufacturers' 
Association, the Radio Manufacturers' Association, and of 
the Standardization Committee of the American Institute 
of Electrical Engineers. 

The progress made by the several subcommittees during 
the year 1926 may be summarized briefly as follows: 
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1. Vacuum Tubes—L. A. Hazeltine, Chairman. 


Meetings of this subcommittee were held in New York 
on May 28 and July 1, 1926. A draft of a report was pre- 
pared based upon the discussions at these meetings. This 
draft has been submitted to the members of the subcom- 
mittee for further consideration and comments are to be 
submitted in writing to the Chairman. The subcommittee 
has also under consideration the subject of standard alge- 
braic symbols for the more important vacuum tube quanti- 
ties. 


2. Circuit Elements—Prof. H. M. Turner, Chairman. 


The Chairman of this subcommittee has been collecting, 
by correspondence, the suggestions of the members as to 
standard methods for measuring the more important char- 
acteristics of the elements comprising radio circuits, such 
as condensers, inductors and resistors. The material will 
be circulated to the members of the subcommittee for con- 
sideration and it is expected that a meeting will be held 

in the near future. 


8. Receiving Sets—Dr. J. Н. Dellinger, Chairman. 


A meeting of this subcommittee was held in New York 
on December 1, 1926. A draft has been prepared covering 
"Tentative Standard Tests for Broadcast Receiving Sets". 
In addition to the overall tests of “sensitivity”, "selectivity" 
and "fidelity" covered by this draft, the subcommittee has 
given definite consideration to characteristics of certain 
portions of receiving sets, and to tests of audio-transform- 
ers and of amplifiers. Drafts of proposals covering a 
number of these questions have been submitted by mem- 
bers of the subcommittee and circulated to others. Consid- 
eration of these matters will be continued at the next meet- 


ing. 


4. Electro-Acoustic Devices—R. H. Manson, Chairman 


At the request of the Chairman of the subcommittee, 
one of the members has prepared a draft of recommenda- 
tions covering the following aspects of electro-acoustic de- 
vices used in radio communication. 


a. General Terms and Definitions. 
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b. Telephone Receivers. 
c. Telephone Transmitters. 
d. Performance Indices. 


Copies of this draft were sent to the members of the 
subcommittee for study and comment. A preliminary meet- 
ing of the subcommittee was held in New York on January 
10, 1927. The Chairman is asking that comments and pro- 
posals be submitted to him in writing not later than Feb- 
ruary 15 so that another meeting of the subcommittee may 
be held soon after that date. 


5. Power Supply—R. Н. Langley, Chairman 


The Chairman of this subcommittee has been in touch 
with the work of the corresponding committees of the 
National Electrical Manufacturers’ Association and the 
Radio Manufacturers’ Association and feels that the most 
satisfactory progress can be made by this subcommittee if 
it has for its consideration the reports of the mid-winter 
meetings of these two manufacturers’ associations. It is ex- 
pected that these reports will be available some time in 
February of 1927. At that time the subcommittee plans to 
undertake the study of such questions as life testing of bat- 
teries used in radio, method of rating batteries for radio 
purposes, and the specification and measurement of the 
characteristics of socket-power units. 

All of the Standardization work is under the general 
supervision of L. E. Whittemore, Chairman of the Com- 
mittee on Standardization, 1927. 


SECTIONAL COMMITTEE ON RADIO, A. E. S. C. 


"The Sectional Committee on Radio, American Engineer- 
ing Standards Committee, is sponsored by the American 
Institute of Electrical Engineers and the Institute of Radio 
Engineers. Its Executive Committee is composed of the fol- 
lowing: 

Prof. J. H. Morecroft, Chairman; Dr. C. H. Sharp, 
Vice-Chairman; Dr. A. N. Goldsmith, Secretary and the 
Chairmen of the Technical Committees. 

There are five Technical Committees actively function- 
ing at this time. The chairmen of these are: 
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Transmitting and Receiving Sets and Installation, A. F. 
Van Dyck. 

Component Parts and Wiring, L. G. Pacent. 

Vacuum Tubes, Dr. J. H. Dellinger. 

Electro-Acoustic Devices, L. Espenschied. 

Power Supply and Outside Plant, L. W. Chubb. 

The report of activities of these Technical Committees 
since October, 1926 is as follows: 


Committee on Transmitting and Receiving Sets and 
Installation. No formal meetings of the Committee have 
been held. The following material originating within the 
Committee is being considered: 


1. Methods of classification of radio circuits. 
2. Methods of tests of receivers. 
3. Use of “preferred numbers". 


No material for standardization has as yet been sub- 
mitted to the Committee by cooperating bodies. 


Committee on Component Parts and Wiring. The first 
general meeting of this Committee was held on December 
1, 1926. Those present were: L. G. Pacent, Chairman; Mel- 
ville Eastham, E. P. Powers, W. F. Hubley and E. L. Hall. 

The field of activity of the Committee was outlined by 
the Chairman. Information was received concerning the 
various stages to be followed in the formation of a standard, 
both prior to action by the Committee and subsequently. 

The subject of vacuum tubes and sockets being sug- 
gested as being proper material for standardization, a sub- 
committee composed of Messrs. Eastham, Hubley, and Hall 
was appointed to investigate the work of other Committees 
to avoid any possible duplication of effort and fields covered 
by the Committee on Component Parts and Wiring. 


Committee on Electro-Acoustic Devices. The first for- 
mal meeting of this Committee was held in the office of the 
Institute of Radio Engineers on November 19, 1926. The 
following committee members and guests were present: Mr. 
Whittemore, Acting Chairman and Messrs. Hund, Wey], 
Pressley Trainer, Harris, Ringel, Scanlon, Manson, Olney, 
Frederick, and McKown. 

It was agreed that the following devices come within 
the scope of the Committee: 


a. Telephone Receivers. 
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b. Loud Speakers. 
c. Microphones and Condenser Transmitters. 


It was further agreed that the standard symbols adopted 
by the Institute of Radio Engineers for telephone receiver, 
loud speaker, and telephone transmitter should be recom- 
mended for adoption by the Sectional Committee on Radio, 
A. E. 8. C. The terminal markings adopted by the N. E. M. 
A. were suggested for adoption by the Sectional Committee 
on Radio. | Т 

The color code to be used in cords was discussed although 
no decision as to the actual colors was reached. 

For the purpose of defining the characteristics of loud 
speakers the following list was considered for discussion at 
a future meeting: 


1. Transmission frequency characteristics. 
2. Efficiency. 
3. Frequency range. 
4. Volume capacity as limited by: 
a. non-linearity of response. 
b. clearance and mechanical strength of parts. 
c. overheating. 
. D-c. carrying capacity. 
. Insulation breakdown voltage 
. D-c. resistance. 
. Impedance. 


Со =з co C 


It was decided that, in connection with the plotting of 
transmission frequency characteristics, a logarithmic fre- 
quency scale should be used for abscissae. 

It is planned to circulate drafts of proposed standards 
for measuring or specifying the characteristics outlined 
above, for study and comment. 


Committee on Vacuum Tubes. Dr. J. H. Dellinger has 
been appointed Chairman of the Committee on Vacuum 
Tubes, succeeding Dr. V. B. Jolliffe, resigned. 

No formal meetings of the Committee have been held. 
It is planned to circulate prints of the exact dimensions and 
tolerances of the UX-tube base among Committee members 
as soon as these are available. 

Committee on Power Supply and Outside Plant. While 


no meetings of the Committee on Power Supply and Out- 
side Plant have been held, material for standardization 
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from all available services has been collected and dis- 
tributed to the Committee membership. No action has been 
taken, however, due to the rapidity of change in design of 
apparatus having made it difficult to tabulate and work up 
material for the Committee. 


News of the Sections 
Los ANGELES SECTION 


The Los Angeles Section held a meeting on January 
17th in the Commercial Club of Los Angeles. The meeting 
was addressed by Lee Yount who read a paper entitled 
“Methods of Explaining Technical Radio to the Layman”. 
The paper was discussed by various members present, in- 
cluding N. E. Brown, D. C. Wallace and W. W. Lindsay, Jr. 
Fifty members attended the meeting. 

Following the discussion of the paper, the annual elec- 
tion of officers was held with the following resutls: Chair- 
man, L. Taufenbach; Vice-Chairman, D. C. Wallace; Sec- 
retary-Treasurer, L. Elden Smith; Board of Managers: W. 
W. Lindsay, Jr., Dr. E. C. Waters and Lee Yount. 

The next meeting of the Los Angeles Section will be 
held at the Commercial Club of Los Angeles on February 
2nd. А paper will be read by Dr. MacKeown of the Califor- 
nia Institute of Technology, entitled, “Vacuum Tubes". 


CONNECTICUT VALLEY SECTION 


On January 28th a meeting of the Connecticut Valley 
Section was held in the auditorium of the United Electric 
Light Company of Springfield, Conn. The speaker was Dr. 
С. W. Pickard who read a paper “The Correlation of Radio 
Reception with Solar Activity and Terrestrial Magnetism”. 
The paper was discussed by E. A. Laport, Dr. W. G. Cady, 
Dr. K. S. Van Dyke, G. W. Pettengill and others. 

A short talk was given by Alfred Crossley on ‘Recent 
Work at the U. S. Naval Research Laboratory". 

The attendance at this meeting was thirty-five. 
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PHILADELPHIA SECTION 


A meeting of the Philadelphia Section was held on Janu- 
ary 28th at the Bartol Laboratories. A paper was read by 
A. G. Shafer being in the main a discussion of the paper 
“Vapor Alkali Detector Tubes”. General discussion fol- 
lowed. Twenty-six members attended the meeting. 

The annual election of officers was held with the follow- 
ing result: Chairman, J. C. Van Horn; Secretary-Treasurer, 
David P. Gullette. The Chairman appointed a Membership 
Committee composed of S. J. Hutchinson, A. G. Shafer 
and H. H. Brown. 


ROCHESTER SECTION 


The Rochester Section held a meeting on January 7th 
at the Sagamore Hotel, Rochester. Francis H. Engel pre- 
sented a paper on “Vacuum Tubes”. The paper was dis- 
cussed by R. H. Manson and others. The attendance at this 
meeting was fifty-four. 

During the month of February the Rochester Section 
provided speakers and conducted the noon luncheons of the 
Rochester Engineering Society. Meetings were held on the 
first, eighth, fifteenth and twenty-second. 

The next meeting of the Rochester Section will be held 
on Mareh 4, at the Sagamore Hotel. Dr. A. Hund will de 
liver a paper on "Piezo-Eleetrie Quartz Crystals”. 


PROPOSED SECTION AT DETROIT 


A second. preliminary organization meeting looking to 
the formation of a Section of the Institute at Detroit, Michi- 
wan, Was held on January 21st in the Federated Radio 
Trade Sehool Thomas E. Clark presided. Temporary of- 
neers Were elected as follows: Chairman, Thomas E. Clark; 
View Chairman ЇЇ D. Glatzel: Seeretary, Walter В. Hoff- 
man. The temporary. Chairman appointed the following 
committee Chairmen: Meetings and Papers, А. B. Buchan- 

n; Membership Committee, G.N, Rouston. 
The nest meeting will be held on February 18th. 


WASHINGTON SECTION 


A meeting of the Washington Se tion was held on Feb- 
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ruary 9, 1927 in Harvey’s Restaurant. The speaker of the 
evening was Alfred Crossley of the U. S. Naval Research 
Laboratory. The paper presented was, "Piezo-Electric Crys- 
tal Controlled Transmitters”. The paper was discussed by 
Dr. A. Hund and others. The attendance at the meeting 
was forty. 

The next meeting of the Washington Section will be on 
March 9, 1927 at Harvey’s Restaurant. The program will 
be preceded by a dinner. The speaker will be C. Francis 
Jenkins who will present a paper on “Visual Radio”. 


CANADIAN SECTION 


A meeting of the Canadian Section was held on the 
evening of February 2, 1927, in the Electrical Building of 
the University of Toronto, Toronto, Canada. The presiding 
oficer was D. Hepburn. The meeting was addressed by R. 
H. Coombs, the subject of the paper being “Radio Broad- 
casting". A general discussion followed in which the ef- 
fect of harmonie suppressors and the influence on reception 
of sun spots were brought out. 

Twenty-three members of the Section and twenty-nine 
guests were present at the meeting. 

The next meeting of the Canadian Section will be held 
on March 2, 1927 in the Electrical Building of the Univer- 
sity of Toronto. J. M. Thompson will deliver a paper on 
"Audio Amplification". 


Correction 


In the paper by A. Crossley on Piezo-Electric Crvstal- 
Controlled Transmitters, in the Proceedings fer January, 
1927, the development of the crvstal oscillator circuit, shown 
in Fig. 19, was erroneously credited to R. B. Mever. This 
circuit was developed by F. B. Monar and was applied b: 
Meyer to the special transmitter system shown in Fig. 20. 


Advertising 


You have undoubtedly noticed the number of new ad- 
vertisers who have appeared in each issue of the “Proceed- 
ings" since it became a monthly publication. In addition to 
these new people it has been especially gratifving that 
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practically all of our old advertisers have decided to appear 
regularly in every issue of the new "'Proceedings"—that is, 
twelve times a year instead of six as formerly. 

We are presenting the “Proceedings” on its merits as 
an advertising medium to every established concern in, or 
allied with, the Industry. But we need the help of our mem- 
bers and readers to secure maximum results. There are 
still other manufacturers who could advertise profitably in 
the "Proceedings". Perhaps the manufacturer in whose 
product you are interested in is one of them. 

If you believe, as we do, the "Proceedings" is a good 
place to advertise will you kindly bring it to the attention of 
the man in your organization who passes upon advertising 
expenditures and then write us his name so that we may 
communicate with him. 

An increase in advertising revenue is one way in which 
it will be possible to give you a bigger and better ‘‘Proceed- 
ings". Any assistance you can render will be appreciated. 


VACUUM-TUBE NOMENCLATURE 
BY 
E. LEON CHAFFEE 


(Cruft Laboratory, Harvard University, Cambridge, Mass.) 


The ease of reading and comprehension of a mathe- 
matical discussion is largely dependent upon the simplicity 
and consistency of the nomenclature. Who has not exper- 
lenced a certain irritation when reading a mathematical ar- 
ticle which is framed in a system of symbols demanding 
such a useless expenditure of mental effort to remember the 
meanings of the symbols that little energy is left for the 
appreciation and understanding of the real truths imparted? 

The ideal system of nomenclature is one which demands 
the least mental effort in distinguishing and remembering 
the meanings of the symbols. To this end the symbols should 
be, so far as practicable, suggestive of the quantities that 
they represent. Initial letters accomplish this aid to memory | 
as, for instance, R is generally used to denote resistance, 
and C for capacity. Very often, however, the variety of 
quantities to be represented is so great that the system of 
using initial letters is inadequate and some other simple and 
consistent scheme must be used in addition. Some of the 
symbols of necessity may be arbitrary but whenever possi- 
ble suggestive symbols should be used. Long usage finally 
overcomes the objection to an arbitrary symbol but it is 
surely better to dispense if possible with the period of 
becoming used to the symbol. I for current is an example 
of an arbitrary symbol which usage has made a part of 
the generally accepted nomenclature. 

Many branches of science have a standardized system of 
nomenclature which in some cases is even internationally 
adopted. The language of expression is then the same in 
all books and articles. The science of vacuum tubes has un- 
fortunately not yet arrived at this happy state and because 
of the variety of systems of nomenclature used by different 
authors it is often difficult to wade through a mathematical 
article in this subject. Probably the reasons that vacuum 
tube nomenclature has not become standardized are first, 
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because of the comparative newness of the science, and 
second and most important, because of the peculiar com- 
plexity of the situation due to the great variety of quanti- 
ties which must be distinguished. Тһе Standardization 
Committee of the Institute of Radio Engineers has fixed 
upon certain symbols but the author finds the system of 
nomenclature given by the Committee inadequate and in 
some cases inconvenient. The author is fully aware of the 
caution that should be exercised in suggesting new symbols 
but since the question of nomenclature is still in a state of 
flux and because the system presented in this paper has 
received considerable thought and has been found to work 
well, he believes he is justified in presenting it for discus- 
sion at this time. 

The general scheme in the system of nomenclature here 
presented is to represent different kinds of the same quan- 
tity as, for instance, steady, instantaneous, average or root- 
mean-square current by different forms of the same letter 
with perhaps super or sub symbols to furnish sufficient var- 
iety. Subscripts are reserved to signify location, as І, means 
plate current, and also to denote frequency, as 1„ is a plate 
current of frequency I. Following out this scheme the mean- 
ings of various forms and symbols may now be explained. 

Capital letters are used only for quantities which are 
not directly functions of time, current, or potential but 
which may be functions of frequency then indicated by the 
proper subscript. 

Small letters represent quantities which are functions 
of time, or of potential or current. Therefore, instantaneous 
quantities are always represented by lower-case letters. 
This has of course been general practice in electrical science. 


Bold-faced letters represent vector or complex quantities. 


CAPITAL LETTER SYMBOLS 


Plain capital letters which signify electrical quantities 
such as current and potential denote the root-mean-square 
values of sinusoidally varying quantities. 

Example: J, is the r. m. s. value of the sinusoidal part 
of the plate current. If there are several components of the 
plate current having different frequencies then it is neces- 
sary to specify the frequency by a subscript thus, Ip is the 
low-frequency component. 
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‚ Plain capital letters which signify circuit elements such 
as resistance, inductance, etc. denote elements which are 
not functions of time, current or potential but which may be 
functions of frequency then denoted by the proper subscript. 

Example: R, L, C and M represent respectively resis- 
tance, inductance, capavity and mutual inductance which are 
independent of time, current and potential. If a circuit ele- 
ment, say the resistance, depends upon frequency, then №, 
Is the resistance for the high frequency. The reactance X 
and impedance Z are of course always functions of fre- 
quency which need not be expressed by a subscript unless 
ambiguity arises. 

One dash over a capital letter signifying an electrical 
quantity denotes an unvarying or steady quantity or com- 
ponent. 


Example: E is the steady component of the electromo- 
tive force represented in Fig. 1. 

One dash over a capital letter signifying a circuit ele- 
ment denotes ihe value of that quantity when a steady cur- 
rent is flowing. 

Example: Ё is the value of the resistance offered to a 
steady current. 

Two dashes over a capital letter denotes the time average 
of the quantity. 


е=Ё+ё=Ё + Б smat 


FIGURE 1 


Example: E represents the average value of the non- 


sinusoidal e.m.f. shown in Fig. 2. In certain cases E is 


identical in value with E as in Fig. 1. 
One dash below a capital letter signifying an electrical 


quantity denotes the maximum value of the sinusoidally 
varying component of the quantity. 
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Example: E represents the maximum value of the alter- 
nating portion of the e.m.f. shown in Fig. 1. 

Two dashes below a capital letter signifying an electrical 
quantity denotes the peak value of the non-sinusoidally 
varying quantity. 

Example: The significance of E is shown in Fig 2. 


A caret sign over a capital letter denotes the equivalent 
or effective value of the quantity. 

Example: The resistance component of the equivalent 
impedance of a transformer as seen from the primary 


МЕ, 
Z, 
to quantities in the primary and secondary circuits, respec- 
tively. 
Wavy line or tilde over a capital letter signifying a 
circuit element denotes the value of that quantity offered 
to an alternating current. 


AN 
circuit is R, =R, + where subscripts 1 and 2 refer 


FIGURE 2 


Example: R is the resistance of a circuit to alternating 
current when it is necessary to signify that it is different 
from the value offered to a steady current. 


SMALL LETTER SYMBOLS 


Plain small letters which signify electrical quantities 
such as current and electromotive force denote total instan- 
taneous values. 


Example: In Figs. 1 and 2, e indicates the total instan- 
taneous e. m. f. at any time t. 
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Plain small letters signifying circuit elements such as 
resistance, conductance, amplification factor, etc. which are 
functions of potential or current are used to denote the 
values of these characteristics for infinitesimal variations 
of current or e. m. f. These values thus defined are called 
variational values and each of the quantities is usually the 
slope of a characteristic curve at some prescribed point. 

Examples: If i—f(e) expresses the characteristic curve 
of a conductor which may be a vacuum tube, then the value 


of Tis the variational resistance denoted by r. The recip- 

1 

rocal of r or 2 is the variational conductance denoted by К. 
é Я 

The characteristic curve and the value of r are shown іп 

Fig. 3. 

The amplification factor » of a tube is a variational 
quantity. 

The complex impedance of the plate circuit of a triode 
containing an inductive-resistance load is a function of the 
plate variational resistance and hence a function of the 
voltage impressed on the tube. It should, therefore, be de- 


i = fie) 


tan’ 2 = {аһ К 


FIGURE 3 


noted by a small letter, thus z—(R-++7,)+ jX whereas the 
impedance of the load alone is Z—R-L-7X. The admittance 
of the load is Y—G—jB but the admittance of the whole 
circuit is y—=g—jb, both g and b being functions of r,. 

One dash over a small letter signifying a circuit element, 
which is itself a function of the impressed e.m.f. or current, 
denotes the value of the element for steady current. 
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Example: If i—f(e) as shown in Fig 3, then r= 


Ltl 


r is obviously a function of E but is independent of time. 

A wavy line or tilde over a small letter denotes the 
instantaneous value of a sinusoidal alternating quantity or 
of the sinusoidal component of a periodic quantity. 

Example: Referring to Fig. 1, ё is the instantaneous 
value of the superposed sinusoidal e.m.f. Then 2—Е sin «t, 


and e—E-Le. In Fig. 2, e—E is not a sinusoidal e.m.f. but 
can be developed in a Fourier series, so that 


e—E-—E, cos oL-- E,cos 2ut-+ 
=é, + é+ é+ 


USE OF SUBSCRIPTS 


Subscripts are in general reserved to denote location and 
frequency, the frequency subscript always following the lo- 
cation subscript when both are necessary. 


„1,7, 
СЗ 
E] 
S - 
— ч" +, + = Se X 
= 9* ' be = + 
_ WK) R 
е. Lies С, е, R : 
i B | WE 
f = 
+ = 
= i e 
= + = 
А 
FIGURE 4 


Location Subscripts. Particular meanings have been al- 
located to certain letters used as location subscripts. 

Subscripts f, p and g indicate that the quantities to 
which they are attached are directly associated with the 
filament, plate and grid, respectively, of a triode. 

Example: e, is the instantaneous plate to filament poten- 
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tial. E, is the steady voltage across the filament. ig is the 
instantaneous value of the sinusoidal component of grid 
current while I, is the r.m.s. value of this component of 
grid current and not the r.m.s. value of the total grid 
current. r, is the variational resistance of the plate-to-fila- 
ment path of a triode. 

Subscripts а. b. and с are used to denote quantities asso- 
ciated with the series impedances in the filament, plate and 
grid circuits, respectively, which are external to the triode. 


Example: Z,—R,+)X,. See Fig. 4. The total instantan- 


eous voltage across Z, is e, which is equal to E,--,. 

Subscripts А, B, and C are used to denote quantities 
associated with batteries or generators in the filament, plate 
and grid circuits, respectively. 


Example: In Fig. 4, E, is the plate battery voltage 
and E, the grid battery voltage. 

Subscripts 1, 2, 3, etc., are used to denote different cir- 
cuits. 

Example: In Fig. 4, the parallel branch in the grid cir- 
cuit is made up of two parts, one denoted by subscript 1 
and the other by subscript 2. Other numbers or letters 
could equally well be used as subscripts to distinguish the 
two branches, or prime and second marks might be more 
convenient in some cases instead of subscripts. From the 
definition of subscript c the symbol Z, is the equivalent ser- 
les impedance of the parallel branch. Also 


$.—G.—jB.— -i( Lio с) ‚ мһеп по 


Е, 
ЕЕ REL 
ambiguity arises as here the use of the caret sign to denote 
equivalent value is unnecessary. 

Frequency Subscripts. Various subscripts may be used 
to denote frequency. If, as in modulation and detection, 
there are two frequencies to distinguish, a high or modu- 
lated frequency, and а low or modulation frequency, the 
subscripts k and l are convenient. An intermediate fre- 
quency сап be denoted by subscript i. If, on the other hand, 
harmonics are to be indicated, then the frequencies are all 
multiples of а fundamental and the numbers 1, 2, 8, etc. can 
be used to denote the multiple frequencies. In order to dif- 
ferentiate frequency subscripts from location subscripts, it 
is suggested that the former be represented by heavier type 
or by italic. 
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Example: The plate circuit impedance Z, may have a 
different value for the high and low frequencies indicated 
by Z,, and Z», respectively. As an example of the use of 
numbers, the plate current of an. oscillator might be ex- 
pressed as follows: 


pl, +t to рева а шаг 


SPECIAL SYMBOLS 


Special letters have become generally accepted as ex- 
pressing certain quantities. For instance д is generally ac- 
cepted as meaning the amplification factor of a tube. Some 
of these the author includes in the system of nomenclature 
here presented but others he has rejected as being in his 
mind unsuited or inconsistent with the system. A list of 
some of these special symbols is given below with explana- 
tory notes. 

The plate and grid currents of a triode are functions of 
the plate and grid potentials as given by the following 
expressions 


ie Op Og) (1) 
and Y (dp) 04) (2) 
The total differentials of ofi lp, and і, are 
9% 03 
di,— De dc,4- TA de, (3) 
and di.— re ас. ac de, (4) 


The partial derivatives of (3) and (4) have been given 

significant names and symbols. 
бю. du the variational plate conductance and is de- 

р 

noted by k,. The author objects to the use of g, for this 
quantity. In engineering g means the real part of a com- 
plex admittance whereas as defined above, k, is simply the 
reciprocal of a resistance and k has long been used to denote 
conductance. It is true that when very short waves are used 
the time of flight of the electron is appreciable and the 
characteristics of the tube are then complex quantities. In 
this case however, equations (1) and (2) are inadequate 
for time must enter as a third independent variable and 


р 


then а g, may properly be defined but not as 2e : 


р 
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3° ðe . - 
The reciprocal of A or ra is the variational 
p р 
plate resistance denoted by r,. 


rid-to-plate conductance or 


simply the variational mutual conductance, and is denoted 
by о. The symbol gm has been suggested and has to a 
certain extent been accepted for denoting the mutual con- 
ductance. The same objection to the use of g arises here as 
in the previous case. Furthermore, it has been customary to 
use g with various subscripts for all of the coefficients in 
(3) and (4). This is objectionable because the differen- 
tiation between mutual conductance and plate conductance, 
two different quantities although dimensionally the same, 
depends upon subscripts rather than upon main symbols. A 
formula containing four kinds of g's differentiated only by 
subscripts is more bewildering than one in which the differ- 
entiation is by main symbols. Furthermore, differentiation 
of different quantities by subscripts violates the scheme of 
nomenclature here presented. 

Objection might well be raised to the use of the word 
mutual in a sense which is not in accordance with its strict 
definition implying equal reciprocal action. There is here 
no equal reciprocal action but because of long usage it is be- 
lieved that the meaning of mutual may perhaps be extended 
to apply to this case. 


де, 
If the plate current is constant, then — is denoted by up 
E 


and is known as the variational ampli feats on а From 
relation (3) 


iy prs (5) 
p 
is the variational plate-to-grid mutual conductance denoted 
a’, с : Р * . 
by og. 3c. is usually a negative quantity so that with the 
: | 


second negative sign in the definition, о, is intrinsically posi- 
tive. о, is called the variational reflex mutual conductance. 


дї ЕР ; 
ze, 8 the variational grid conductance denoted by k,. 


де; . " 
Its reciprocal or ais is the variational grid resistance or r,. 
g m 
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де | 
If 1, is held constant then PR is the variational re- 
p 


flex factor and is denoted by ug. According to (4) we have 


g 


nd авт (6) 

We may now write (3) and (4) in the forms 
di,—k,de,+0,de, (7) 
di,——-o,de,+k,de, (8) 


All of the coefficients of (7) and (8) are usually positive 
quantities. 

The inter-electrode canacities of a triode are denoted by 
Cp» C, and Cm, which are respectively the plate-to-filament 
capacity, the grid-to-filament capacity, and the mutual or 
plate-to-grid capacity. 

In order to illustrate further the use of the notation, the 
expressions for the equivalent input admittance of a triode 
when k, is negligible are given as developed by the author. 


A А A 

Ys] — Jbg where 
A C Gy—o$[By— (Cat C;) в] 
Сто Fi Gol LLB (Cot Col (9) 


and 


A 
0, ==—-w | C 
(10) 


In (9) and (10) G, and B, are the components. of the 
plate load Y,—G,—jB,. 

The detecting or demodulating quality of a triode has 
been defined in various ways. The author has developed 
the theory of detectors in а paper published in I. К. E. Vol. 
15, No. 1 and has found the following definitions of detection 
coefficient convenient. 

Just as in the case of amplification, the ability of a tube 
to amplifv depends upon the ampilfication factor p, but the 
actual amplification obtained also depends upon the im- 
pedance load in the plate circuit, so in detection certain 
characteristics of the tube determine the rectifying ability 
of a tube but the actual rectification obtained depends as 
well upon the several impedance in the plate and grid сіг- 
cuits and upon a rather complex combination of them with 
the tube characteristics. There is however some need for 
an expression involving only the characteristics of the tube 


Cmo [By—C, 4-C,) ol +o [k, 2-G..] 1} 
61+ [By—(Cu+C,) 9] 
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which can be used as a basis of comparison of different . 
tubes used as detectors. Therefore, two detection coeffi- 
cients are defined. 

In order to make clearer the definitions, the following 
expressions giving two of the components of the rectified 
plate current the steady component and the component of 
modulation frequency, are copied from the article referred 
to above. 


Loc 
4(r,+R,) 


"A R. ak, до Bp ЕХ ak, 


— 
— 


retR. де: 9; ' (т, Р) X 9p 
(11) 


. У1„== 


ра A. A | 
Zu, V Eu --Xw aa, Ta-LXa | 


VG ERA) SEX! 99 | | GERA Ga Xa? 
m Я 
(1+ 9 ) (AE) 


m? 3 
—( Det. 1) (1+ z) (АЁ) 
(12) 


— 


с? A. ak, дор, pp (ЕЁ +X yy ak, 
T.4- £i д е, д е, (7-Е) Е д ер 


(18) 


T, 
4 (ro +201) 


— 


MI 


VFR ia EAn OT | GERA Ga Xa)! | 
V 2m (AEA)' 
—(Det. I) 1у2т (АЕ) 


i 14 

Formulas (11) and (13) are derived for and hence к 
only for a very small applied radio-frequency voltage in the 
grid circuit. This is indicated by the A sign. The impressed 
voltage is assumed to be 


СЕ a (14- m sin ot ) sin at 


where эл is the degree of modulation, ug is the modulation 
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` w e. А 
frequency and 5 is the high or modulated frequency. 
т 


(АЁ) is then the maximum value of the unmodulated 


high-frequency impressed voltage in the grid circuit. AI, 
of (11) is the change in steady value of plate current repre- 
sented as of second order magnitude for mathematical con- 
sistency. 

А1 is, according to the notation, the г. m. s. value of 
the sinusoidal component of plate current of modulation 


frequency 2 R. is the resistance to steady current of the 


series load in the grid circuit such as a grid leak resistance, 
and Z.: is the complex series impedance to modulation fre- 
quency of any load in the grid circuit. If a grid leak and 
condenser are used Z. is the equivalent series impedance of 
the parallel combination. FR,, and X, are, respectively, the 
series resistance and reactance to the radio frequency of any 


load in the plate circuit. Ten and Ten are, respectively, the 
equivalent input resistance and reactance to the high fre- 
quency of the triode. R., and X.a are the series resistance 
and reactance to the high frequency of any series load in 
the grid circuit. The other factors have been defined. 


In expressions (12) and (14) the current detection co- 


efficients (Det. I) and (Det. І), are used to denote portions 
of (11) and (13). These expressions constitute definitions 
of the new quantities, the total current detection coefficients. 
In words the definitions are given below although the ver- 
bal definitions are of questionable value. 


The total steadt-current detection coefficient is the 
change in plate current ner unit squared radio amplitude. 
| (m—20). 

The total current detection coefficient for modulation 
frequency is the r. m. s. value of the component of plate 
current modulation — per unit squared radio ampli- 


fied when the modulation is = 


v 15 
It will be noted that (Det. Г) and (Det. I); are identical 
except for the value of the external grid and plate im- 


pedances. Therefore (Det. I), becomes (Det. I) if 
Z. and Z»: are given their values at zero frequency. 


Chaffee: Vacuum-Tube Nomenclature 193 


It is usually preferable to specify the effective fictitious 
voltage of rectification which if acting in the plate circuit 
would give rise to the rectified components of plate current 
given in (11) and (14). These effective voltages are ob- 
viously 


LA^ | — 
A E-—(r J-Rau)u : 
апа ; (15) 
^ 
AT,—(7r,--Z&) NI, (16) 


Accordingly corresponding total voltage detection coeffi- 
cients can be defined as 
(Det. E) —(r,-- R,) (Det. I) (17) 
and 
(Det. E) == (r,-- Zi) (Det. I 1), (18) 
Objection might be raised to the cumbersome form of 
the symbols for detection coefficient. A plain D has been 
used but this symbol is rejected because of its mathematical 
use to denote derivative. The form chosen is both sugyes- 
tive and explanatory, although a trifle awkward. The ex- 
pression has precedence in the expressions Div, Curl, ete. 
and it is used so little in mathematical formulae that this 
objection of awkwardness is of slight importance. 
Returning now to the general expressions (11) and 
(13), we may assume there is no radio impedance in the 
plate circuit and no audio or radio series impedance in the 
grid circuit. Then (11) and ар reduce to 


To 
NI Qs DR. a 2 mY AEG) (19) 


and 


Th 09, 
(кй) 36. > V2m (ABa) (20) 


These expressions give the dope A due to curvature of 


AT: 


the plate current curve. Obviously ? 7? is the characteristic 


of the tube which measures the | MM under these 
conditions so that we may define a simple voltage detection 
coefficient for plate-circuit rectification for the tube as 

(det. e),— 72 - a (21) 
This quantity is indenendent of eee and may be con- 
veniently used as a basis of comparing tubes. Note that it 
is indicated by a small initial letter to distinguish it from the 
total detection coefficients. 
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Tubes are often used as detectors with a grid leak 
and condenser or the equivalent. If then we assume 
that there is no plate load for the radio frequency and 
no grid impedance for the radio frequency in series with 
the impressed voltage, and also that the rectification due to 
plate curvature is negligible, then the first term of (11) and 
(13) is important and they become 


: T or, It ok ne 
AdQ————BPVU.r-m. MT) (GE) (22 
f A(r,+kh,) r,4-K. oe, ( T 2 ) (АБ) (22) 
апа 
Lm А ао уо (SEU (23) 
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Although we can get rid of the Ё, and Z. by expressing 
the voltage detection coefficieht, it is not so easy to make 
the definition independent of R. and Z., except by assuming 
the series impedance for modulation frequency in the grid 
circuit infinite. Then we may define the simple voltage de- 
tection coefficient for grid-circuit rectification as 


(det. e) ,—— tem 5 ы 
к 
== AP. vi д К, 

Ст 4k, à €, (24) 


This expression, too, is independent of frequency and is 
about the simplest form for use in comparing tubes. Com- 
parative curves of detection coefficient, however, furnish the 
best basis of comparison and measure of detection property 
of a triode. 

No claim of completeness is made for the system of 
nomenclature given above. It is presented in the hope that 
it may serve as a further step toward the early standardiza- 
tion of a system of symbols. 


INFLUENCE ON THE AMPLIFICATION OF А СОМ- 
MON IMPEDANCE IN THE PLATE 
CIRCUITS OF AMPLIFIERS' 


BY 
J. E. ANDERSON 


À common impedance in the plate circuits of two or 
more tubes in an amplifier produces either a decrease or 
an increase in the amplification. Whether it is the one or 
the other depends on the type of circuit, on the number of 
tubes sharing the common impedance, on the phase rela- 
tions of the various impedances, and on the absolute value 
of the amplification when the common impedance is zero. 
For certain values of the common impedance the amplifica- 
tion will increase indefinitely, and the circuit will then 
oscillate. In general the circuit can only oscillate at one 
frequency at which the common impedance has the required 
value. 

There are practically no circuits in which there is not 
а common impedance of appreciable magnitude. Note- 
worthy examples are: the resistance of a partially ex- 
hausted plate battery; the impedance of a plate battery 
eliminator; the resistance of the balancing potentiometer 
arms in a-c. heated filament receivers. 

If an expression for the amplification in any circuit be 
obtained, taking into account the impedance in common 
with two or more plate circuits, it will generally be of the 
form 


Ad BZ (1) 
in which A, B, a and b are complex quantities involving the 
circuit parameters and Z is the common impedance. All of 
these quantities are functions of the frequency. Whether Z 
will produce an increase or a decrease in the amplification 
depends on the signs of the complex quantities associated 
with Z in (1), particularly on the signs of A and B. Since 
these two quantities may differ in sign, it is evident that 
for one value of Z the denominator in (1) will vanish. The 
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amplification will then increase indefinitely, and the circuit 
will oscillate, provided that the numerator does not also 
vanish at the same time. This it does not do under any 
practical conditions. Hence the condition for oscillation in 
the amplifier is that 

A -- BZ—0. (2) 
Since this is а complex equation, both the real and the 
imaginary parts must vanish together. If the common im- 
pedance in the plate circuits should satisfy equation (2) at 
some frequency, the circuit will oscillate at that frequency. 
In this paper, that value of Z which satisfies this equation 
will be designated by Z, to distinguish it from the actual 
value of the common impedance. It is independent of the 
value of Z and is a function of the frequency and of the 
circuit constants. 

If it is only required to determine whether the amplifi- 
cation will be increased or decreased by the common impe- 
dance, or whether the circuit might oscillate at some fre- 
quency, it is not necessary to obtain the complete expression 
for amplification, but only the denominator. The effect of 
the common impedance of any given type may be deduced 
from the characteristics of Z, as obtained from equation 
(2). Since Z must in all cases be an actual impedance, it 
must either lie in the first or the fourth quadrant. If it is 
composed of resistance and inductance it will lie in the first 
quadrant; if it is composed of resistance and capacity it 
will lie in the fourth. When Z, lies in the first quadrant, 
the amplification will be increased when the reactance of Z 
is positive, and the circuit might oscillate at some frequency 
in the band over which the reactance of Z, is positive. 
Similarly, when Z, lies in the fourth quadrant, the amplifi- 
cation will be increased when the reactance of Z is negative, 
and the circuit might oscillate at some frequency in the 
band which makes the reactance of Z, negative. When Z, 
lies in either the second or the third quadrant, the amplifi- 
cation will be decreased by all possible values of Z, and the 
circuit cannot oscillate, because then the real part of Z, is 
negative, which would require a resistance of the same sign 
in the common impedance in order to satisfy equation (2). 
In some circuits Z, will never enter either the first or the 
fourth quadrant; in others it will never enter the second or 
the third; and in still others it may move throughout the 
four quadrants as the frequency varies. 
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ANALYSIS OF TWO-TUBE, TRANSFORMER-COUPLED AMPLIFIER 


The two-tube, transformer-coupled amplifier shown in 
Fig. 1 will be first considered. Let џ, be the amplification 
constant of the first tube, E, the input voltage to that tube, 
i, the a-c. component of the plate current in the tube, z, the 


Figure 1 


total impedance in the plate circuit exclusive of the common 
impedance, Z, the load impedance, also exclusive of Z. Let 
the corresponding quantities in the second stage be sub- 
scripted by 2, but otherwise the same. Let the current in Z 
be denoted by i. The effective emf in the first plate circuit 
is —4, E, and that in the second, —д„Ё„, the negative signs 
being employed to account for the fact that the tubes change 
the phase of the input voltage. The input voltage E, to the 
second tube is equal to aZ,?,, where a is the transformer ra- 
tio, assumed to be constant and positive. The current in the 
common impedance is the sum of the two plate currents. 

Hence the following equations result: 

—p E, 2,1,-- Zi 

—д„Ё „—.1,--41 
Е,—а7 1, (8) 

t =i +. 
These reduce to 
-—p,B == (2,+2Z)i,+ Zi, 

200 0—(au,Z,- Z)i, + m (4) 
The amplification in the circuit may be defined as the 
ratio of the voltage across the final load to the initial input 
voltage. In this case, then, M—Z,,/E,. Since only the 
final current is involved, it is only necessary to solve equa- 
tions (4) for i, in order to get the amplification. The solu- 


tion is 
| ZR п2.(аџ.2,+2) | 
E Z,2,+4(2,+2,-Op,4,) (5) 
When the denominator in (5) is zero the amplification is 
infinite, and therefore the condition for oscillation is 


Z— АА | | | 
"o а.2,—(2,+24) (6) 
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From both equations (5) and (6) it is apparent that the 
common impedance causes an increase in the amplification 
and that oscillation at some frequency is possible, provided 
that the resistance in the common imnedance is high 
enough. | 

In defining voltage E, it was assumed that the trans- 
former ratio was positive, or such that the phase of the 
primary and secondary voltages remains the same. When 
a pair of leads to the transformer is reversed, that is when 
the sign of a in equation (6) is changed, all the terms in the 
denominator of (6) become negative. This also makes Z, 
negative. Then the circuit can no longer oscillate at any fre- 
quency, and there will be a decrease in the amplification. 
This is exactly the reverse from the case of intentional in- 
ductive feed-back, which requires a negative ratio for oscil- 
lation. The reason for the difference is not difficult to find. 
In Fig. 1 the in-phase components of the currents and vol- 
tages have been indicated by arrows in the case of positive 
ratio. It will be seen that part of i, is forced by Z to back 
up through the primary of the transformer and through the 
first tube, and that this rart of т, is in phase with ?,. The pri- 
mary current and voltage are thus increased, and conse- 
quently the amplification is also increased. When the ratio 
is negative all the arrows pertaining to the second tube are 
reversed. Currents i, and i, will be in phase in Z. This will 
increase the voltage drop in Z, and consequently the cur- 
rent circulating in the plate circuit of the first tube will 
be decreased. This in turn will decrease the primary vol- 
tage and the amplification. In the case of ordinary induc- 
tive feed-back i,, or a part of it, comes through the primary 
of the. transformer in the opposite direction, and thus the 
ratio must be negative if 7, and 7, are to be in phase. 

Since all the imvedances entering into Z, in equation 
(6) are inductive, one might assume that the reactance of 
Z, is positive, but that is not necessarily the case. For some 
frequencies it may be negative. The angle of Z. or Y, is 
equal to the sum of the angles of the two factors in the 
numerator diminished by the angle of the denominator. 
The negative term in the denominator has a negligible ef- 
fect on the angle of the denominator, and therefore this 
angle is that of Z,. If the angles of z, and z, beð, and 0,, 
respectively, and that Z, be Ф,, then v,—96,--0,—4,. For 
low frequencies the negative term will exceed the two posi- 
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tive terms. Oscillation is then possible, and the amplifica- 
tim will be increased, when the common impedance con- 
sists, for example, of a resistance with a condenser across 
it. For frequencies above that which makes *,—90, oscilla- 
tion is possible, and the amplification will be increased, 
when the common impedance consists of resistance and in- 
ductance. When ¥,=0, pure resistance only is required for 
oscillation, and at the frequency where that occurs oscilla- 
tion is most probable because the absolute value of Z, is 
then а minimum. 

In a circuit having no more than two reactive branches 
itis easy to calculate the frequencies at which ¥, will be— 
90 deg., 0 deg. and 90 deg., that is, to predetermine the 
frequency bands in which the amplification will be increased 
when the common impedance has negative or positive reac- 
tance. It may thus be proved from equation (6) that Z, 
can never lie in either the second or the third quadrant. 
Also it may be proved that if the sign of the transformer be 
made negative there is no frequency which will bring Z, 
into the first or the fourth quadrant. 

It is interesting to examine equation (6) granhicallv. 
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Figure 2 


In Fig. 2, Curve A is the locus of the real part of Z, and 
Curve B is the locus of the imaginary component, plotted 
às functions of the common logarithm of the angular velo- 
city of the current vector. In computing the data for these 
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curves the following values of impedances and constants 
were used: 2,—20,000-4-j25e, 2,=18,000+-j5w, Z,==4,000-+- 
j25«, a—6, and p,=8. The scale at the left refers to the real 
part and that at the right to the imaginary components. 

The locus of the real part of Z, starts with a high value 
for low frequencies, drops rapidly between 31.6 and 1,000 
radians, and finally approaches the limiting value 455 ohms 
as the frequency increases. The locus of the reactance 
starts at zero for zero frequency, decreases to a minimum 
just above 100 radians, and then rises as the frequency in- 
creases. It crosses the axis of zero reactance at about 1,800 
radians. It is the region in which the reactance is negative 
that is of chief interest, because in most receivers the com- 
mon impedance consists of the resistance of the “В” battery 
with some intentional or distributed capacity across it, 
the angle of which is always negative. 

The 1021 of the real and imaginary parts of an im- 
pedance, Z, consisting of 500 ohms shunted with a one mic- 
rofarad condenser are also plotted in Fig. 2. Curve C is 
that of the real and Curve D that of the imaginary. Below 
316 radians the effective resistance is practically 500 ohms; 
above 10,000 radians it is very small. The reactance of the 
impedance is very small for both high and low frequencies, 
but it reaches a negative maximum at the frequency where 
the rate of change of the real part is greatest. 

At a point, just below 1000 radians, Curves B and D 
intersect. At this frequency, then, the first condition for 
oscillation is satisfied, bezause the reactance of the com- 
mon impedance is equal to the reactance of Z.. The circuit 
will oscillate at this frequency provided the second condi- 
tion is also satisfied. If it does not oscillate at the point, 
there will be a prominent peak in the amplification, the 
height of which denends on how nearly the second condi- 
tion is satisfied. 

Curves А and C do not intersect at any point, and there- 
fore the second condition for oscillation is not satisfied. 
However, they approach each other very closely at one point, 
and the frequency where this occurs is very close to the fre- 
quency where the two reactances are equal. The amplifica- 
tion neak will therefore be high. There are three ways in 
which to make Curves А and C intersect, and hence to 
cause oscillation in the circuit. In the first place the resis- 
tance in the common impedance may be increased. This will 
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raise Curve C for all frequencies. For one value of the re- 
sistance the two curves will be tangent. at one point; for 
higher values of the resistance there will be two points of 
intersection. Intersection of the two curves may also be 
caused by reducing the capacity of the condenser across the 
resistance, provided, of course, that the resistance used is 
greater than the limiting value of the real part of Z,. With 
the smaller capacity across the resistance Curve C will re- 
main close to the 500 line for higher frequencies. Intersec- 
tion may also be brought about by increasing the amplifica- 
tion, that is, by increasing џи, and a. This will lower tne 
right hand portion of Curve A.:If the amplification is high 
enough there will be an intersection no matter how close to 
the axis Curve C may be. 


Two-TUBE, DIRECT-COUPLED AMPLIFIER 


All the equations used in the analysis of Fig. 1 apply in 
the case of a two-tube, direct-coupled circuit such as is 
shown in Fig. 8, with the exception of the definition of the 
input voltage to the second tube. In this case E,—Z ENTM, 


Figure 3 


which is the sum of the voltage drops in the coupling and 
common impedances. If this change be made in equations 
(3) they reduce to (7), in which Y,—(,,4-1) 
—p, E — = (2,7-2)44- Zi, 
0=(mZ HY 2i (Y, (T 
Equations (7) yield the following expression for amplifica- 
tion and for the critical value of Z: 


m (nL, TY) 


— Z,2,4-Z( R,u,4- Zi +2) (8) 
— 2} 
Z= (Ru Ez, 2 ) (9) 


If the circuit in Fig. 3 is resistance-coupled there is only 
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one reactance branch, that containing 2,. The angle of the 
denominator of (9) is very small no matter what the angle 
of z, ог 6,, may be. Hence ¥,—180°-+-6,, that is, Z, lies in 
the third quadrant when the reactance of z, is positive and 
in the second quadrant when it is negative. Hence when 
the circuit in Fig. 3 is resistance coupled it cannot oscillate 
at any frequency, and the amplification will be decreased 
for all frequencies. Why this is so is obvious from Fig. 3. 
Current i, flows through Z in the opposite. direction from 
1,, and hence it reduces the input voltage to the second tube, 
since Zi-4-Z,i, will be less than 4,1, alone. 

When the coupling in this circuit is a choke coil instead 
of a resistance, there may be a frequency band in which Z, 
will lie in the fourth quadrant. This occurs when 0,+9, 
is considerably greater than 90 deg., and before the angle of 
the denominator has become large. The larger Rm, is the 
wider will be the band in which oscillation might occur. 
However, since both z, and z, will have considerable dis- 
tributed capacity it is probable that in a practical case the 
angles will not become large enough to project Z, into the 
fourth quadrant, and Шеп the circuit would be stable for 
all frequencies. 


ANALYSIS OF MULTITUBE AMPLIFIERS 


In the system of simultaneous equations applying to any 
given circuit there must be as many currents and as many 
voltage equations as there are tukes sharing the common 
impedance. All the voltage equations will be of the form 
—p HL ,=2,1,+Z1, and the current summation will be of the 
form i—Xi,. The auxiliary voltage input equations will be 
in the form of either E,4,=a,Z,in or’ E,,,—Z..-Zi, de- 
pending on whether the coupling between the nth and the 
(n+1)st tube is by transformer or by impedance. If the 
circuit has more than two tubes, both types of coupling may 
occur in the same amplifier. 

To obtain the complete solution for the amplification 
in a circuit having more than two tubes entails a great deal 
of work. However, if only the condition for oscillation in 
the circuit is required, the work may be shortened, because 
this condition is simply that the determinant of the system 
of equations shall vanish. It is only necessary to arrange 
the coefficients in determinant form, write out its value, 
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and equate it to zero. Іп applying the method it is quickest 
to regard the current in the common impedance as one of 
the unknown and make the determinant of one order higher 
than the number of tubes involved. 


THREE-TUBE, TRANSFORMER-COUPLED CIRCUIT 


The determinant for a three-tube, transformer-coupled 
circuit takes the following form: 


1, 1, 1, і 

— р. Е = |, 0 0 Z 
o— aZ, ғ, 0 Z (10) 

0= | о G,Z.n, 2, Z 

0—| —1 — 1 —1 1 


Currents are written at the top of the columns and the 
voltages at the left of the rows simvly to identify the co- 
efficients. The last row is the current summation equation. 
This determinant may be reduced by making use of the 
property that any line, row or column, may be added to, 
or subtracted from, any other parallel line without chang- 
ing the value of the determinant. The value of the above 
determinant will be found to be 


D—2 2,2, T Zl2,2;4-2;2; T (0,2 n, —2,) (A,2,p;—Z;) ] (10b) 
whence 


—2,2 2, 


а ра 
: 2125-2,2,-- (0,2 p.— 2i) (4,2—2) 


(11) 
is obtained as the condition for oscillation by placing D 
equal to zero. 

No definite conclusions as to the probability of oscillation 
in this three-tube, transformer-coupled circuit can be 
reached without substituting actual values of constants and 
impedances. However, the apparent sign of the denomina- 
tor in (11) is always positive and the apparent sign of 
the numerator always negative. Hence it would seem that 
this circuit will not oscillate as readily as the two-tube cir- — 
cuit when the ratio in that circuit was positive. That this 
might be so is borne out by the directions of the currents 
in Fig. 4a. Currents i, and i, flow in the same direction 
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while current і, flows in the opposite. Hence i, aids 7,, and 
1, aids і, but opposes ?,. Due to the relative values of the 
currents, the opposition just about neutralizes the conjunc- 
tion. But on account of phase relations introduced by the 
impedances there may be a certain frequency band over 
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Figure 4a 


which the amplification is increased by the common im- 
pedance, as actual substitution has shown. It is not safe to 
trust to the apparent sign.of Z,. 

When both of the transformer ratios are negative, the 
signs of all the terms in the denominator of (11) are posi- 
tive, while the sign of the numerator remains negative. 
Then Z, apparently lies in either the second or the third 


a, 
Zo а) NEGATIVE 
Figure 4b 


quadrant, and one would expect a stable circuit. In Fig. 4b 
the in-phase components of. the currents have been indi- 
cated. All flow in the same direction, and therefore botn 
i, and 1, tend to reduce the amplification. If there is any 
band in which the amplification will be increased it can 
only be because the phase relations of the imnedances are 
such as to bring Z, out of the second or third quadrant into 
the quadrant in which Z lies. 

. If the two transformer ratios have different signs, the 
apparent sign of Z, becomes positive. The two cases show 
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about the same propensity to oscillate, both as judged from 
the formula and from the circuit diagrams Figs. 4c and 4d, 
and both are каш less stable than either of cases 
4a or 4b. i 


FOUR-TUBE, TRANSFORMER-COUPLED CIRCUIT 


The determinant for the solution of a four-tube, trans- 
former-coupled amplifier may be obtained from (10) by 
adding another row and another column to that determin- 
eral q is defined q,—4a,Z,u(n4-1). 


> 4, POSITIVE 


| Qo NEGATIVE 
Figure 4c 


and. The row to be added is 0—2,Z, ,i,12,1,1-Zi aud the 
column is 0,0,0,2,,—1. This fifth order determinant yields 
the following expression as the condition for oscillation: 


| 412,242, 
(qi— 25). (4.5 —-& —2,) 4- 2,847 —2,) = 234 HT ]1;—2,)-——2,2 oa (2,44, ) 
(12) 
In this equation the q ’s are used to save space and the gen- 
In (12) all the a’s are positive and then the apparent 


> = A, NEGATIVE 
Ge POSITIVE 
Figure 4d 


sign of Z, is positive. It is quite possible, therefore, that 
this represents an unstable connection. If the sign of any 
one of the a’s is changed the apparent sign of Z, becomes 
negative, because the terms containing the a’s are dominant. 
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But changing the sign of one ratio does not necessarily put 
Z, in the second or the third quadrant for all frequencies. 
It does, however, shift the frequency band in which oscil- 
lation might, and in which regeneration will, occur. It will 
be noted that the middle transformer occupies a somewhat 
symmetrical position in the equation as well as in the cir- 
cuit. It is not affected by end conditions like the other two. 
The other two transformers produce similar effects on the 
amplification, and differences are entirely due to differences 
in tube and load characteristics. Therefore there is very 
little difference produced by changing the signs of the ratios 


Figure 5 


of either. It will also be observed that when all the a’s are 
negative, all the terms in the denominator of (12) are nega- 
tive, which also makes the apparent sign of Z, negative. 
Therefore, one might surmise that this represents the most 
stable connection. However, when all the signs are the 
same the absolute value of Z, is least, and this would 
threaten the stability of the circuit in case the phase rela- 
tions of the impedances should project Z, into the first or 
the fourth quadrant. 


THREE-TUBE, DIRECT-COUPLED AMPLIFIER 


The determinant for a three-tube direct-coupled ampli- 
fier such as that shown in Fig. 5 takes the form 


2, 0 0 2 
PA 2, 0 Ү 2 
(18) 
) EZ. 2 Y.Z 
1—1 —1 —1 І 


in which Y,=(p»,+1) and Y,—(n,+1). When written out 

this becomes 

D—2,2,2,—4 [( Ku; -2,) (p,4,—2,)—2,(2,+Y,2,)] (13b) 
The condition for oscillation in this circuit is, therefore, 
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It appears from this equation that а three-tube, direct- 
coupled amplifier is likely to oscillate. The apparent sign of 
Z, is always positive because the negative terms in the 
denominator are small compared with the positive terms. 
It is only in case the angles of the various impedances 
Should be such as to project Z, into the second or the third 
quadrant that the amplification would be decreased by the 
common impedance. 

Since resistance-coupled amplifiers of odd stages often 
oscillate, it will be interesting to substitute typical values 
in (14). 

Let Z,—2,—1.4x10' ohms, 7.—8,000 -- 5o, R,—40,000 ohms, 
1,—20, u,—6, and Z,—10' ohms. With these values Z, be- 


an 7 — 8,000-1-j5o 
0 21.86—32.755X 10-1. * 

Аз long as the reactance of z, is positive Z, can never lie in 
the fourth quadrant. At zero frequency it lies along the 
axis of reals, and as the frequency increases it advances 
into the first quadrant. At about 1800 cycles it passes into 
the second quadrant. Hence the region in which there will 
be augmented amplification is from zero to 1800 cycles, and 
for this the reactance of the common impedance must be 
positive. Inductance is required in series with the common 
resistance. The amount of inductance needed for oscillation 
at any frequency may be calculated. For instance, at 1000 
radians the critical value of Z is 370-+-j238, and the required 
inductance is 238 millihenrys. The resistance must also be 
370 ohms, or there will be no oscillation. At 10,000 radians 
the impedance required is 71.6-+32350. Thus the required 
inductance has decreased slightly and the required resis- 
tance has been reduced to about a fifth of its former value. 
The required conditions at both of these frequencies are 
likely to be met in a batterv eliminator that has been in- 
adequately by-passed. And the required resistance may be 
encountered in an ordinary "B" battery which is still in a 
comparatively good condition. 

If there is an appreciable capacity across the load im- 
pedance, Z, will turn around and pass into the fourth quad- 
rant instead of passing into the second for the higher fre- 
quencies. The circuit might then oscillate when there is a 
condenser across the resistance of the “В” battery. The 
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frequency at which the load impedance is in parallel reson- 
ance is not likely to be a critical one as far as oscillation is 
concerned, because the required resistance is very high at 
that point, although the requires reactance is negative and 
very small. ! 


FOUR-TUBE, DIRECT-COUPLED AMPLIFIER . 


The equation for Z, in a four-tube, direct-coupled ampli- 
fier contains many terms of different signs and of uncertain 
magnitude. It is difficult to interpret without the substitu- 
tion of actual values. It may easily be obtained by adding 
another row and another column to the determinant (13), 
and it is not necessary to give it here. It indicates that the 
four-tube circuit is more stable than the three-tube circuit. 
If the added stage is resistance-coupled, and if the constants 
in this stage are the same as those used in equation (14), 
the complete expression for the four-tube circuit reduces to 

Z— _ (8,000 +o) 
9 328—j2.185 10-3 
From this equation it is obvious that the circuit represented 
cannot oscillate until the frequency is high enough to ad- 
vance Z, into the fourth quadrant. This occurs at 15,500 
radians, or at 2,470 cycles. For higher frequencies the an- 
plification will be increased by the common impedance pro- 
vided its reactance is negative. At 10,000 cycles the angle 
of Z, is — 68 deg. 40 min. and the impedance for oscillation 
is 330—7830. At that frequency this impedance is given 
by a resistance of 2,420 ohms shunted by a condenser of 
0.0165 microfarad. This combination is likely. to oecur in 
practice. 

By tracing the currents in the plate circuits of the am- 
plifier it is clear why the circuit cannot oscillate at low 
frequencies. Currents i, and i, are in phase with each other 
and currents 7, and 7, are opposed to them. The sum of the 
even currents is always greater than the sum of the odd. 
Consequently, there is more current trying to reduce the 
amplification than to increase it. But as the frequency in- 
creases, less and less of i, will be in phase with ?,. There 
will be one frequency above which the sum of i, and the in- 
phase component of i, will be less than ?,. Then the circuit 
will regenerate. Capacity across the load impedance will 
prevent ?, from getting far out of phase with i,, and conse- 
quently this would act as a stabilizer of the amplifier. 
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EXPERIMENTAL EVIDENCE IN SUPPORT OF THEORY . 


There is some evidence in support of the theory ad- 
vanced in this paper. In the first place it is а well known 
fact that broadcast receivers become noisy duríng the last 
stages of life of the *B" battery when its resistance is high, 
and that the -amplification becomes noticeably uneven. 
Many have also experienced oscillation in sets served by “В” 
battery eliminators, particularly in three-tube, resistance- 
coupled circuits. In one case such a set oscillated at a very 
low frequency when served by a certain eliminator, and it 
would not stop oscillating until a condenser of thirteen mic- 
rofarads was put across the output of the filter. Anotner 
receiver’ which had two stages of resistance coupling and 
one stage of transformer proved to be a terrific oscillator 
on an ordinary "B" battery. The amplification constants 
of the tubes in this circuit were in order of occurrence 20, 
8 and 6, and the transformer ratio was also six. The equa- 
tion applicable to the case showed that reversing the ratio 
of the transformer should have little effect on the behavior 
of the circuit. Actually it caused only change in pitch. 
Change of tubes had similar effect. 

In an effort to salvage the preceding amplifier it was 
changed to a transformer, resistance, transformer-coupled 
circuit. The tubes now used had amplification constants of 
eight, eight and six, while the transformer ratios were 
three and two. But this set oscillated, too, and it had three 
modes of oscillation, one of which was at a super-audibie 
frequency. There was one combination of transformer ra- 
tios which gave a stable connection, and this was later used 
_ for testing the theory. 

When a fresh “В” battery was used, the circuit worked 
satisfactorily on all combinations of ratios, but it began to 
oscillate when a resistance of six ohms was inserted in ser- 
ies with the battery. With ten ohms in series the circuit 
was in an uproar. When a semi-exhausted “В” batteries 
was used the circuit oscillated violently, and no shunt con- 
denser up to four microfarads had any ВО effect 
on the intensity. 

With this circuit the following experiment was tried. 
An extra “B” battery was provided, and the circuit was so 
arranged that the detector tube could be put on either ‘the 
common battery or on the separate. When the detector 
was on the separate battery the circuit did not dscillate even 
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when there was a fairly high resistance in series with either 
of the batteries. But when the detector was put on the com- 
mon battery the circuit oscillated when there was only a 
small amount of resistance in series with the battery. The 
resistance in the common battery was then adjusted until 
the circuit just stopped oscillating, and the detector was 
alternately put on the common and on the separate batter- 
ies. When on the common, the volume was fully 100 per 
cent. greater than it was when on the separate. The stable 
connection was then arranged and the same comparison 
made. This time the vol ime was down about 50 per cent. 
when the detector was on the common battery. Although 
the voltage on the amplifier was 135 volts, the common por- 
tion was only 45 volts, that is, common to all the tubes. 
When more cells were included in the common battery the 
tendency to oscillate increased, which was partly due to 
increased amplification and partly to increased common im- 
pedance. 

The equation applicable to the above circuit is 


Z= 

_ 212.44, 

4° ,—2,X q,—2,) +232(9,-2,)—2,2,(,+1X Q,—2,)—2,24 (2z, 424) 

15 

in which q,=4,2,p, and q,—4,42 3р. g 
From equation (15) one would expect the circuit to be 

oscillatory when both transformer ratios have the same 

sign, either positive or negative, and also when a, is nega- 

tive and а, is positive. The circuit appears to be most 

stable when a, is negative and a, is positive, because then 

most of the terms in the denominator of (15) are negative. 


METHODS OF AVOIDING OSCILLATION 


Several methods of avoiding oscillations may be sug- 
gested. The first step, of course, should be taken when the 
amplifier is designed. Not all types of circuit are equally 
subject to oscillation, and only those which are relatively 
stable should be emnloyed. To avoid oscillations and dis- 
tortion in a set that is already built, the only thing to do 
is to reduce the common imnedance. This may be done by 
connecting a very large condenser across the plate voltage 
supply, or the common impedance; by always employing 
batteries of low resistance; by using a separate battery for 
one, or perhaps two, tubes in the circuit, one of which 
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should be the first tube entering into the amnlifier. Another 
way of reducing the trouble is to employ a choke coil and a 
series condenser so that the a-c. component of the current 
in the last tube may be shunted around the common im- 
рейапсе, as is done to protect the loud speaker coils from 
the 4-с. component of the plate current. 

While the theory of the vanishing denominator explains 
why a circuit will oscillate at a given frequency when the 
impedance in common with the plate circuits has the re- 
quired value, it does not explain why a circuit will oscillate 
at any frequency with a given value of the common im- 
pedance. But this difficulty disappears when it is remem- 
bered that nearly all the circuit parameters which enter 
into the expression for the critical value of the common im- 
pedance, as determined by the vanishing denominator, 
change both with frequency and with current level. The cir- 
cuit automatically finds the frequency and the current level 
where the denominator vanishes, and proclaims the dis- 
covery. 


SUM MARY 


It has been pointed out that the common impedance in 
the plate circuits of two or more tubes in an amplifier will 
affect the output, and that under certain conditions will 
cause distortion and oscillation. A theory has been devel- 
oped to explain this phenomenon. Several typical amplifier 
circuits have been analyzed with the theory. Some experi- 
mental evidence has been adduced in support of the theory. 
Methods of avoiding oscillation and distortion have been 
suggested. 


SYMBOLS AND NOTATION 


a,, the voltage ratio of the nth transformer in the circuit. 
D, the value of the determinant of the system of simultan- 
eous equations pertaining to an amplifier. 

E, the input voltage to the nth tube in the circuit. 

Е. <t,Znin, is the input voltage of the (n+1)st tube 
when preceded by a transformer of ratio a. 
E,,,—Z,i,4-Zi, the input voltage to the (n+1)st tube 

when this is coupled to the nth tube by means of 
an impedance coil or a resistance. 
i, the current in the common impedance Z. It is equal to 
Zin 
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1 the a-c. component of the current in the plate circuit of 
the nth tbe. 

J=V—1 

М, thé complex amplification of the circuit. 

ш, the amplification constant of the nth tube. 

o, the angular velocity of the current, or 27 frequency. 

qda, abbreviation for a,Z,. 

Р, the internal plate ие of the nth tabs (a-c.) 

I sg. 

Z, the common impedance in the plate circuits of all the 
tubes. 

Zo» the value of Z which makes D=O, or which makes the 
circuit oscillate. 

Z,, the load impedance in the nth tube, exclusive of Z. 

Za the total impedance in the plate circuit of the nth tube, 
also exclusive of Z, or 2,—F,+Z,. 

Ya angle of Z, 0,, angle of 2, 

v, angle of Z $,, angle of Z.. 


SOME POSSIBILITIES AND LIMITATIONS IN 
COMMON FREQUENCY BROADCASTING 


By 


DE Loss K. MARTIN,’ GLENN D. GILLETT,’ 
ISABEL S. BEMIS’ 


The congestion in the broadcasting frequency range is 
so great that consideration has naturally been given by var- 
ious engineers to the possibilities of different stations using 
the same frequency for broadcasting. It is hoped that the 
following statements may be of some interest in the con- 
sideration of this question. | 

In common frequency broadcasting there are two cases 
which have to be considered as they are somewhat different 
in their requirements. The first is the case where two or 
more stations attempt to use the same frequency with their 
own separate programs. The second is the case where two 
or more stations attempt to use the same frequency for send- 
ing out a common program which is transmitted to them 
from a single source. | 

At the present time, in both cases a limitation on this 
type of broadcasting is the audible beat notes which are set 
up between the carriers of the different stations. In the first 
case if means are taken to keep the carrier frequencies of 
the different stations closely alike (say within a relatively 
few cycles), then the limitation becomes that of crosstalk 
between the separate programs. From the data given in 
the paper it would appear that stations separated by dis- 
tances of no more than three or four hundred miles from 
each other could send out their separate programs in this 
way provided each station confined the field to which it 
catered to an area immediately surrounding the stations 
within a radius of perhaps twenty-five miles or less. 

In the second case, if the carrier frequencies are held 
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closely alike, the nature of the interference becomes some- 
what different since each station is transmitting the same 
program. As in case one, each station, of course, could be 
satisfactorily heard in a small area immediately surround- 
ing it. This area might be somewhat larger than that of case 
one since the interference limitations are probably not as 
exacting. However, in the broader areas between the sta- 
tions, the wave interferences between the various stations 
become important and the paper gives some discussion of 
this fact. The work on which the paper is based was not 
carried, however, to the point where the limitations set up 
by such interferences can be predicted. 

It is entirely outside the scope of this paper to attempt 
to draw any conclusions as to the practical force of the limi- 
tations imposed by the use of common frequencies in broad- 
casting or as to what use, if any, should be made of such 
common frequency broadcasting. The subject merits care- 
ful consideration in any case in which stations are suffi- 
ciently close in frequency and in distance so that beat notes 
between their carriers become objectionable. 


INTERFERENCE BETWEEN STATIONS 


To consider the matter somewhat more in detail, in both 
cases above, it is evident that if the carrier frequencies of 
the various stations are held to a common value and not 
allowed to depart from it by an amount which will produce 
audible frequency beat notes between the various carriers, 
such beat notes cannot exist. In other words, it would seem 
possible by more accurate frequency adjustment to avoid the 
principal difficulty that has been met with in the past in 
endeavoring to onerate two stations on the same nominal 
frequency with any other than a very wide geographical 
separation. If in this way interfering noises due to the in- 
teraction of two carriers are avoided, the next difficulty 
would appear to be that of interference of one program to 
another. 

Since with two stations with different programs on the 
same frequency it is impossible to separate the programs by 
any selective tuning arrangements, the relative signal 
strengths of different stations at a given point would deter- 
mine whether the program from any one of them could be 
satisfactorily received. In order to obtain satisfactory re- 
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ception, the signals fram the desired station must necessar- 
ily be of much greater amplitude than those from the inter- 
fering stations. 

The range of a station would, for satisfactory results, be 
limited to that area within which it was capable of pro- 
ducing signals which were stronger than the signals of any 
other station on the same frequency by whatever amount 
might be felt to be necessary for satisfactory freedom from 
crosstalk interference. 

If carriers of the various stations differed by, perhaps, 
a few cycles per second, it is obvious that when the points 
of the carrier field strengths are not widely different in 
amplitude, the net strength of the received carrier signal 
would pulsate or flutter. Within the range of a station as 
determined by crosstalk considerations, it is not to be ex- 
pected that this flutter would be of any material importance, 
since the amount of flutter or variation is determined by 
the adding and subtracting of the two carrier signals and 
if one of these is a great deal less than the other, the fluctua- 
tion would probably be imperceptible. It can be shown by 
mathematical analysis that even where the local signal 
amplitude flutters by only an extremely small amount the 
amplitude of the distant signal will flutter between zero and 
its maximum amplitude synchronously with the local signal. 
The complete flutter of the distant signal would probably so 
entirely destroy its identity that the crosstalk from it would 
be a substantially unintelligible noise. As to what the con- 
dition would be outside of the limited crosstalk free service 
areas of the stations, it is impossible to predict with assur- 
ance, since almost no experimental data are available. It 
seems likely, however, that the program crosstalk between 
stations and the fluttering of signal amplitude, combined 
with ordinary fading, would cause a very unsatisfactory 
situation. | 

Now consider the case where a number of stations on 
the same carrier frequency transmit a common program. 
The principal difference between this and the case just dis- 
cussed is that the same program is transmitted from all 
stations in unison and it seems possible that more interfer- 
ence between programs could be tolerated due to the fact 
that no audible signal would be present during silent inter- 
vals of the program. If this is true, satisfactory reception 
might be obtained in areas where one signal dominated the 
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others by a lesser amount than is required for the case 
where different programs are transmitted. If the program 
was distributed to the various stations over long wire tele- 
phone circuits, or in some other way which might, due to 
transmission delay, cause an appreciable lack of simultan- 
eity in the transmission of the program from different sta- 
tions, it might be that various signals would arrive at a 
given receiving station so much out of step with each other 
as to be nearly as objectionable as would be the case with 
entirely different programs. 


It is of interest to consider what might occur if the 
various carrier frequencies of stations transmitting the 
same program were held to exactly the same value with a 
high degree of precision. This would mean that instead of 
having a flutter, the frequency differences would be so small 
that the flutter would be slowed down to something which 
would be more like fading. The interfering signals from 
the distant station would then become more intelligible and 
less objectionable. The extent to which this would increase 
the satisfactory range of the station before other limiting 
factors became of importance, can be determined only by 
experiment. It seems certain, however, that at points which 
are well away from any one of the stations, that is, where 
the signals from two or more of them are of approximately 
the same amplitude, continual fading variation of the sig- 
nals, due to these slight frequency changes, would exist. 
Superimposed upon this there would no doubt be variations 
due to ordinary fading of the individual signals themselves. 
In addition not only would carrier frequency signals of 
the various stations interact in this way, but each individual 
side-band frequency would be similarly affected and no 
two frequencies would be necessarily affected in the same 
way at the same instant. In other words, the phenomena 
would be comparable with those which result from selective 
fading, and selective fading is known to cause damage to 
quality. It is a question which can be determined only by 
experiment whether this combination of variations would 
be so annoying as to completely prohibit satisfactory recep- 
tion, or whether, on the other hand, the averaging effect of 
all the variations might produce a resulting signal, which 
would have no more annoying net variation than would the 
signals received from any one of the stations alone, presum- 
ing the others to be silent. 
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FREQUENCY CONTROL 


In the practical case of two or more common frequency 
broadcast stations the carrier frequency could be determined 
by a single centrally located control-oscillator or some or 
all of the stations could have independent oscillators care- 
fully standardized against each other. 


In the case where a central control oscillator is to be 
used, it is desirable that the frequency of the oscillator be 
relatively low. The carrier frequency of the broadcast sta- 
tions could be derived as a harmonic of this signal after it 
had been sent to the stations. over wire circuits. 

As the transmission characteristics of wire circuits 
change with the temperature and weather conditions the 
phase relation of the control signal at the: sending and re- 
ceiving terminals of the wire circuit would vary. The 
changes in phase of the control signal would be relatively 
small, but they would be multiplied in magnitude in the 
radio signal in proportion to the order of the harmonic used 
to obtain the radio carrier signal. For example, suppose a 
1000 ke. carrier signal is to be obtained from a 1 kc. control 
signal sent over a wire line, then the phase changes in the 
1 ke. control signal would be magnified a thousandfold in 
the carrier signal. 

The significance of such phase changes is that while they 
are going on they are in effect frequency differences. Thus 
if the phase of one station changes with reference to that of 
another station at a rate of 360° per second the two station 
frequencies actually differ at that time by one cycle per 
second. 

It seems likely that a central control-oscillator system 
would be necessary if it were desired to attain the greatest 
possible precision in synchronizing the various stations. On 
the other hand it is probable that independent oscillators, for 
instance those of the piezo-electric crystal type, could be 
standardized with sufficient exactness to avoid audible beat 
notes between stations. 

Quite aside from other limitations there must be prac- 
tical limits to the number of stations transmitting on one 
common frequency, due to the fact that cities in which sta- 
tions might be located are not spaced at uniform intervals 
over the country and also to the fact that the power radiated 
from the various stations might not be equal. 

It is evident that the existence of one common frequency 


218 Martin, Gillett, Bemis: Some Possibilities and Limitations 


broadcasting channel used simultaneously by a number of 
stations does not exclude the possibility of there being other 
common frequency channels as well, nor does it in any way 
alter the necessity for adequate frequency spacing between 
stations serving the same area on different channels. 


EXPERIMENTAL DATA 


| To illustrate a little more concretely the nature of the 

problems involved in common frequency broadcasting, use 
is made of the data obtained from a preliminary survey 
which was made during the spring of 1926, of the signal 
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. Figure 1. Variation in amplitude of audio-signal from the mean value 


caused by fading, in terms of percentage of the total observing 
time the signal exceeded these levels. Station 2XB. 


A. Observed at Philadelphia, Pa. 
B. Observed at Baltimore, Md. 
€ Observed at Washington, D. C. 


distribution from stations 2XB New York City and WCAP 
Washington, D. C. while these stations were transmitting 
on their normal frequencies. This permitted estimating the 
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effective ranges that would be obtained from these stations 
should they operate on a common frequency. 

It was found that in the daytime the signal intensity 
from these stations remained substantially constant. At 
night graphic records of the variations in the signal inten- 
sity due to fading were made for each station at each of 
the observing points. 


Percent of Time 


Figure 2. Variation in amplitude of audio-signal from the mean value 
caused by fading, in terms of the percentage of the total observing 
time the signal exceeded these levels. Station WCAP. 

A. Observed at Baltimore, Md. 

В. Observed at Philadelphia, Pa. 

C. Observed at New York, N. Y. 


From the graphic records it was possible to obtain mean 
values of the equivalent audio signal intensity and also to 
obtain an estimate in terms of per cent of the total observ- 
ing time that the audio signal exceeded values which de- 
parted from this mean by any given amount. Figures 1 and 
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2 illustrate the characteristics of the variation in the signals 
recorded on these nights. The curves are representative 
of the variations taken from several graphic records, each 
extending over a period of from 10 to 20 minutes and taken 
at intervals of an hour or so. A very interesting fact brought 
out by the data on field intensity measurements is that the 
values of the steady daytime signal intensity and the mean 
of the signal intensity measured at night are substantially 
equal. This is true except for one set of observations on the 
2XB signal made at Washington. 

In Figure 3 the daytime signal field intensities are plot- 
ted for both stations against distance, and the observea 
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Figure 4. Effective ranges of 2XB and WCAP as they would be limited 
by program interference if both stations transmitted on the same 
frequency. Based on measurements made at night during May, 
1926. 


ranges of variation in field intensity are shown approxi- 
mately by the limits of the cross-hatched areas above and 
below the curves of the daytime signal. 

For the purposes of making an estimate of the effective 
range areas of these two stations if they were to be operated 
оп a common frequency, it was assumed that the signal dis- 
tribution was symmetrical about the stations as shown by 
the curves. This assumption is only partly true but is neces- 
sary to simplify consideration of the analysis. 

From the data given in Figure 3 and on the basis of a 
ratio of about 30 to 1 between the desired carrier signal and 
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the interfering carrier signal (a ratio which is perhaps too 
lenient) the range areas shown in Figure 4 were obtained. 
These range limits correspond to those that would be ob- 
tained during the day and under average night conditions. 

However, in this experimental case the upper limit of the 
fading night-time signals differs so little from their mean 
value that the range is not materially reduced by the fad- 
ing. 

The range shown in Figure 4 for 2XB was compared 
with theoretical range calculated on the simple assumption 
that the field strength from both stations varied inversely 
with the distance. It was found that this calculated range 
had a radius about two-thirds as large as that derived from 
the experimental data. This is not sufficient evidence to 
warrant recommending the use of such calculations as a 
conservative method of estimating ranges but it suggests 
that for interstation distances of about two hundred miles 
the calculation might give a first approximation which 
would be of use for some purposes. It is interesting to com- 
pare these ranges with those estimated on the basis of noise 
interference as at present experienced. 

The effective range of a broadcasting station is limited by 
the ratio of the intensity of the noise interference to the 
intensity of the desired signal. 

It has been suggested’ that with existing noise condi- 
tions, the outer boundary of the service range of a station 
lies between one and ten millivolts per meter and in general 
is nearer the latter value. From the field intensity contour 
maps of 2XB and WCAP which have been published,’ the 
ranges for different field strengths can be determined. It is 
found that even for one millivolt per meter the ranges are of 
the same order of magnitudes as those shown on Figure 4. 

We do not wish to infer from this comparison that the 
ranges of 2XB and WCAP would not have been materially 
affected if they had been placed on a common frequency to 
broadcast a common program. The assumptions underlying 
the above comparison are not sufficiently well supported to 
justify such a conclusion. On the other hand the fact that 
it comes out as a comparison rather than a contrast indicates 
that the subject is one which merits further and more ex- 
haustive investigation. It should also be borne in mind that 
outside the ranges as determined for the common frequency 
case, reception of either station might be hopeless at all 
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times, whereas with the stations on different frequencies it 


is known that they are frequently received with material 
satisfaction at distant points. 
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THE INSULATION OF A GUYED MAST' 


BY 
Н. P. MILLER, JR., 


(Federal Telegraph Company, Palo Alto, California.) 


In planning to use guyed masts for supporting the 
antennas of high power transmitting stations, the question 
arises as to the advisability of insulating the masts and 
guys. Under certain conditions this will increase the effec- 
tive height and efficiency of the antenna giving a power 
saving that is worth more than the cost of the insulation 
and the increase in mechanical hazard. Under other con- 
ditions the increase in antenna efficiency may be insuffi- 
cient to make the insulation worth while. 

Among the factors affecting the antenna efficiency 
some, such as the resistance of the antenna, can be im- 
proved after the antenna has been built. The mast and guy 
insulation, however, must be decided before erecting the 
masts and it is important to determine beforehand, (a) the 
most efficient arrangement of insulation, (b) the maximum 
voltage duties to be expected on the insulators, and (c) the 
economic value of the insulation. No fixed rules can be 
given in this regard since each design of antenna and 
mast system offers a different problem. An attempt will be 
made, however, to point out in this paper, with the aid of 
à characteristic example, certain fundamental considera- 
tions and experimental methods that will assist in the 
economical insulation of guyed masts. 


THEORETICAL CONSIDERATIONS 


À general idea of the effect of mast and guy insulation 
оп antenna effective height can be obtained by considering 
the properties of an ideal antenna. If a large flat antenna 
plate of fixed area float in air above a flat ground plate of 
infinite extent, the capacitance of the antenna will depend 
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upon the height of the plate above ground, or its effective 
height. The greater the effective height, the less the capa- 
citance and, contrarywise, the greater the capacitance, the 
less the effective height. 

The characteristics of the electrostatic field around such 
an antenna are shown in Fig. 1. This is a vertical section 
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Figure 1—Ideal Antenna 


through one side of the antenna plate and gives the approxi- 
mate traces of the equipotential surfaces. It is seen that 
these surfaces are close together between the antenna plate 
and ground, but spread out beyond the edge of the plate. 
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Figure 2—Antenna with Grounded Self supporting Mast 


If a grounded self-supporting mast be moved up close 
to the edge of the antenna, the equipotential surfaces will 
be distorted in the manner shown in Fig. 2. This distortion 
occurs only at the mast, the equipotential surfaces at some 
distance in front and back of the mast remaining as in Fig. 
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Figure 3—Antenna with Insulated Self-supporting Mast 
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1. The mast, therefore, has the effect of crowding the 
equipotential surfaces between its top and the edge of 
the antenna plate. 

With the mast insulated at the ground, the distortion is 
not so great (see Fig. 3), the insulation at the base of the 
mast allowing one of the equipotential surfaces to pass 
underneath the mast. 

The effect of crowding the equipotential surfaces is to 
increase tine electrostatic flux and hence the capacitance 
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Figure 4—Antenna with Grounded Guyed Mast. 


between the antenna and ground. The grounded mast of 
Fig. 2, therefore, increases the total capacitance of the 
antenna and decreases its effective height. With the insu- 
lated mast of Fig. 3, there is less crowding of the equipoten- 
tial surfaces, less increase in capacitance, and less decrease 
in effective height. If the mast were also insulated at its 
middle point, an approach would be made to the ideal con- 
dition shown in Fig. 1. | 
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Figure 5—Antenna with Insulated Guyed Mast 


The use of guys on a mast decreases the effective height 
still further. Fig. 4 shows the effect of uninsulated guys on 
a grounded mast. It is seen that the equipotential surfaces 
are crowded more than in Fig. 2. 

If, in the case of Fig. 4, Guy A were insulated at a point 
near the ground, none of the equipotential surfaces could 
pass in through the insulator unless they also came out 


228 Miller: The Insulation of a Guyed Mast 


through it. The voltage duty on the insulator would, there- 
fore, be zero. Insulating all the rest of the guys and the 
mast near the ground, would permit some of the surfaces to 
pass under the entire structure as shown in Fig. 5. The 
crowding of the surfaces would, however, be greater Than 
in the case of Fig. 3. 

With an insulator in each end of Guy A, the Е. 
tial surfaces could pass in through one insulator and out 
through the other. The more surfaces that would pass 
through the guy insulators, the less crowded would be the 
surfaces between the antenna and guy system and the 
closer would be the approach to the condition of Fig. 2, 
where there are no guys. 

The ideal guy would be one made up entirely of insula- 
tion. This would allow the equipotential surfaces to pass 
through it as though there were no guy and give the maxi- 
mum value of effective height. Since the greatest possible 
number of surfaces would pass through the guy insulation 
the total voltage duty on the guy would be greater than in 
any case where it is not made up entirely of insulation. 
For maximum effective height, it is, therefore, necessary to 
have the total voltage duties on the insulators in each guy 
a maximum. The voltage duties on the mast insulation 
should also be kept high for the same reason. 

It is not usually practicable to insulate a mast and its 
guys at very many points, but it is possible to insulate the 
guys at a few points so as to obtain such a large percentage 
of the maximum total voltage duty, that the addition of 
more insulation would cause very little increase in the total 
voltage duty. This is the economic condition desired in the 
arrangement of the insulation. 

A simple relationship exists that is of great help in 
studying this problem. It was shown above that with two 
insulators in Guy A of Fig. 4, the equipotential surfaces can 
pass in through one insulator and out through the other. 
Since the same number of surfaces pass through each in- 
sulator, the voltage duty on each must be the same. In the 
same way, if three insulators are placed in the guy a cer- 
tain number of surfaces pass through one insulator which 
must pass out through the other two. The voltage duty on 
the first insulator must then be equal to the sum of the 
voltage duties on the other two insulators. 

Another way of looking at this relationship is to con- 
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sider the potential above ground of the insulated section 
or sections of the guy. With an insulator in each end of a 
guy on a grounded mast, one side of each insulator will be 
connected to ground. The other side will be connected to a 
section of guy cable in which there is practically no poten- 
tial drop. The sides next to the cable must, therefore, be at 
the same potential above ground so that the voltage duty 
on each insulator is the same. When there are three insula- 
tors in the guy, one of the insualted guy sections must be at 
a higher potential above ground than the other. The drop 
in voltage between the ends of this high-potential section 
and ground must be the same so that the sum of the insula- 
tor voltage duties above it must equal the sum of the insula- 
tor voltage duties below it. If then, the voltage duties be 
given signs according to whether they occur above or be- 
low the high-potential section, the algebraic sum of all the 
voltage duties in the guy must equal zero. 

The same relationship occurs when the mast is insulated. 
In this case, the high-potential section can be the insulated 
section of the mast or a guy section. In the example shown 
in Fig. 14, the high-potential sections are in some cases in 
the guys and in other cases in the mast. In each case, the 
sum of the insulator voltage duties on one side of the high- 
potential section are equal and opposite to the sum of the 
duties on the other side. 

The actual voltage duties on the ins ilators will depend 
on the position of the guys and masts with reference to the 
antenna. Insulators in guys close to the antenna will be © 
subjected to high potentials on account of the large number 
of equipotential surfaces which can pass through them. 
Those in guys away from the antenna or shielded by other 
guys, will be subjected to very low potentials. The actual 
values for a given antenna and mast system can be obtained 
by measurement on the antenna or on an accurately scaled 
model. The best arrangement of insulators can best be de- 
termined on a model. 

Another possible use for mast and guy insulation, is in 
the control of capacitance currents. It was pointed out 
above that if Guy A, of Fig. 4, were insulated near the 
ground, the voltage duty on it would be zero. An insulator 
at this point, however, would have a high reactance so that 
any capacitance currents in the guy would flow off to 
ground through the mast. This arrangement has an advan- 
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tage in case a better ground connection is available at the 
mast than at the guy. Its value would depend upon the 
type of ground system used and can be estimated sufficient- 
ly accurately before the masts are erected. 


EXPERIMENTAL DETERMINATIONS 


In order to show how these theoretical considerations 
work out in a practical case, the results of certain voltage 
duty measurements made on the model of a typical high- 
power transmitting antenna will be given. These measure- 
ments were mainly to determine the best location for the 
insulators and the voltage duties to be expected. They did 
not include any effective height measurements which would 
permit a determination of the economic value of the insula- 
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Figure 6—Plan of Antenna 


tion nor measurements which would indicate its value in 
the control of capacitance currents. 

The voltage duty measurements were made on a 1-50th- 
scale model of the antenna shown in Fig. 6. This antenna 
was designed for use with six steel masts each 1000 feet 
high and guyed in four directions in the manner shown in 
Fig. 7. 

The antenna model was built in an open field as accur- 
ately to scale as possible. The masts were 20-ft. lengths of 
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14-inch galvanized iron pipe held in place by guys of No. 
12 iron wire, stretched tight with turnbuckles. They were 
also insulated from ground by means of small porcelain 
tubes about 114 inches long, jumpers being provided for 
shorting this insulation when desired. Each guy anchor was 
well grounded by soldered connections to a metallic stake 
and a common ground strip. 

The guy insulators consisted of short lengths of 14 by 
\4-inch bakelite, with hooks inserted in each end, the creep- 
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Figure 7—Guy Arrangement for 1,000-Foot Mast 


age distance between hooks being one-half inch. They were 
the same length as the sphere gaps used for measuring the 
voltage duties, and were placed at every point in the guys 
where measurements were desired. Any unused insulators 
were simply short-circuited out with short lengths of spring 
wire. 

The antenna was made of No. 22, B. & S. gage copper 
wire stretched over catenaries of 1-inch diameter flexible 
iron cable. It was insulated with 34-inch diameter pyrex 
rod insulators having two-inch diameter corona shields 
spaced to give a flashover distance of three inches. 

Voltage duty measurements on the antenna model were 
made by means of a sphere gap. This was put either across 
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or in place of the insulator whose duty was to be measured 
and adjusted so as to flash over when a high potential was 
applied to the antenna. Since the flashover voltage of the 
gap was the insulator duty at the instant of flashover, the 
ratio between the gap voltage and the antenna voltage re- 
quired for flashover was the ratio between the duty on the 
insulator and the antenna voltage. This ratio would be the 
same for both the model and full sized antennas. By assum- 
ing a given antenna potential (150 kilovolts was used in 
these tests) it was possible to reduce all readings to a com- 
mon basis. 

In the preliminary tests, radio frequency potentials were 
applied to the antenna, flashover being detected visually 
through a surveyor’s transit. Voltage control at the fre- 
quency used (35,000 cycles) was not simple so that the 
readings were erratic and not reliable. Extensive tests then 
showed that 60-cycle potentials could be used with greater 
constancy in results and in agreement within 0.6 per cent., 
with observations made over a wide range of radio fre- 
quencies. It was not possible to see the flashovers, however, 
so that it was necessary to listen for them. When the gap 
was used close to the ground, the observer could get within 
easy hearing distance but for high positions a long rubber 
listening hose had to be attached to the gap. Some measure- 
ments have since been made on larger models where the 
gaps were so high off the ground as to make a hose imprac- 
ticable. In this case a short wave loop receiver was used 
which tuned quite sharply to the flashover at about 40 
meters. 

The desired 60-cycle potentials were obtained with a 
110//33,000-volt potential transformer using a voltage con- 
trol rheostat in the 110-volt supply circuit. Meters for 
measuring the antenna voltage were also placed in this cir- 
cuit since tests showed that the voltage ratio on the trans- 
former remained constant under the conditions of these 
tests. Antenna potentials above 30,000 volts could not be 
used on account of the antenna model going into corona. 

The sphere gap adopted after considerable development 
is shown in Fig. 8. It consisted of a piece of natural bake- 
lite tubing with brass inserts in each end through which 
the sphe.es (turned from 14-inch brass screws) were in- 
serted. Lock nuts were used to fix the length of the gap. On 
one side of the bakelite tube was inserted a smaller bake- 
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lite tube for attaching the rubber listening hose. On the 
other side a hole was left so as to expose the gap to the 
atmosphere. The distance between hooks on this unit was 
the same as on the guy insulators. 

Three of these sphere gaps were used, each being set 
with a different gap length. Wherever possible the largest 
gap was used since this was the easiest to hear and gave 
the most consistent results. The smallest gap was used 
where the insulator duty was low. In some cases the duties 
were so very low that it was impossible to get a reading 
even with this gap. 
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Figure 8—Sphere Gap for Voltage Duty Measurements 


After a set of observations had been made on the model 
guys, the gaps were calibrated directly across the terminals 
of the transformer. The best results were obtained when 
the gaps were polished and calibrated frequently. 


ARRANGING THE INSULATORS 


To get a preliminary idea as to the best locations for 
the insulators in the mast guys, measurements were made 
on a single guy attached to the top of Mast C and extending 
under the antenna at an angle of 90 deg. to its edge. The 
the guy, moving the second one up the guy increased the 
results of the tests with two insulators in this guy are 
shown in Fig. 9. With one insulator fixed at the bottom of 
duty on each of them, reaching a maximum relative value 
of 6.4 near the top. Leaving the second insulator close to 
the mast, the first one was moved up the guy. This in- 
creased the duty on each one to 9 at a point about half way 
up the guy. Above this point the duties dropped off and be- 
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came zero when the two insulators were again merged into 
one. 

This test showed that the best electrical arrangement 
for two insulators in a single guy is to have one near the 
mast and the other about the middle of the guy. From a 
practical standpoint, however, it is preferable not to have 
an insulator where it will increase the tension on the guy 
due to its weight or to wind pressure on its surface. It 
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Figure 9—Curves Determining the Best Positions for Two Insulators 
in Single No. 1 Guy Placed at 90 degrees with Edge of Antenna 
on Mast C. 


was, therefore, considered advisabie to keep the insulators 
close to the ends of the guys where maintenance would be 
easier. 

Further tests showed that the addition of a third insula- 
tor in the guy increased the total voltage duty enough to 
make its use worth considering. Fig. 10 shows the results 
of tests made to determine the best position for a third 
insulator. One insulator was fixed at the bottom of the 
guy, another one was fixed at the top, while the third one 
was moved between the two. The curves show the varia- 
tion in voltage duty on the three insulators. They also illus- 
trate the summation principle outlined above. Up to the 
point where the middle insulator has zero duty, the duty on 
the top insulator is numerically equal to the sum of the 
duties on the other two insulators. Above this point, the 
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duty on the bottom insulator is equal to the sum of the other 
two. Although the curve for the middle insulator was ob- 
tained from the other curves by difference, enough check 
measurements were made to make sure that this procedure 
is correct. 

The fact that the duty on the top insulator for most 
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Figure 10— Curves Determining the Best Position for Third Insulator 
in Single No. 1 Guy Placed at 90 degrees with Edge of Antenna on 
Mast C. Insulators Fixed at Top and Bottom. Position ot Middle 
Insulator varied. 


cases was equal to the sum of the other two, permits this 
curve to be used in determining the best location for the 
middle insulator. The total duty on the guy is twice the 
duty on the top insulator so that maximum duty on the 
guy occurs with maximum duty on the top insulator. It is 
interesting to note that this point of maximum duty occurs 
when the duty on the bottom and middle insulators is the 
same. 

Results of similar measurements for a more practical 
case are given in Fig. 11. In this case eight guys were in 
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place at a small angle with the edge of the antenna, as posi- 
tion CN of Fig. 6. All the guys were insulated at each end. 
The position of the middle insulator of the top guy was 
changed and the voltage duties in that guy measured. The 
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Figure 11—Curve Determining the Best Position for Third Insulator 
in No. 1 Guy at Position CN with all Guys in Place and Insulated. Top 
Insulator 42 Feet from Mast. Bottom Insulator 45 Feet from Ground. 


curve shows that the maximum guy duty occurred when 
the middle insulator was about 70 per cent up the guy. 
With the same guy arrangement, Fig. 12 shows the re- 
sults of leaving the bottom and middle insulators fixed and 
moving the top insulator. It is seen that the position of this 
insulator is not critical, but that maximum duty on the top 
insulator occurs when it is about 50 feet away from the 
mast post. Since the duty on this insulator is half the total 
guy duty, maximum duty also occurs with the top insulator 
fifty feet from the mast post. For this test the antenna was 
the equivalent of about 125 feet from the face of the mast. 


INSULATOR VOLTAGE DUTIES 


As a preliminary study, all guys were insulated at the 
top and bottom, and voltage duty measurements made at 
six characteristic guy positions with the masts both 
grounded and insulated. The results are given in Table 1. 
As might have been expected, maximum duties occurred on 
the inside position CN (See Fig. 6.) Minimum duties oc- 
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curred in position AE with the masts grounded, and in posi- 
tion EW with the masts insulated. 

The duties at positions CN and CE are shown also in 
Figs. 13 and 14 and have been used for plotting traces of 
the equipotential surfaces. It will be noted that separate 
duties are indicated at the bottom of the three upper guys. 
This is because the guys are insulated separately and not 
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Figure 12—Curve Determining the Best Position for Top Insulator in 
No, 1 Guy at Position CN with all Guys in Place and Insulated. 
Middle Insulator $35 Feet from Ground. Bottom Insulator 45 Feet 
Irom Ground. 


“Ќа one insulator as shown. These figures furnish a good 
check on the theoretical and experimental results previously 
Outlined. In the case of the grounded mast (Fig. 13), four 
€quipotential surfaces enter the guy system at the left 
through the bottom insulator of the top guy. After spread- 
ШЕ out through the guy system, they come together again 
and nass out through the top insulator in the top guy. On 
the other side of the mast two of the surfaces enter the 
uy system at the top and pass out again at the bottom. The 
fact that the equipotential surfaces on both sides of the 
Buy system bend down in passing through the bottom in- 
Sulators shows that it would be better to move these in- 
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sulators up the guys as was indicated by the curves in 
Fig. 9. 

When the C mast was insulated (see Fig. 14) some of 
the equipotential surfaces passed underneath the mast as in 


TABLE ! 
Voltage Duties with Ir.sulator at Top and Bottom of Each Guy. 


MASTS GROUNDED 


| Kv. Duty on Insulator 


Guy | Insulator (150 kv. on Antenna) 
NO: TG, е CASES | awe | сме | ck Ewe 
1 Top or bottom | 21.3 | „2-2 30.1 (014.1 | 23. 18.3 
| 2 HU m I1. 010.5 25.9 | 37.0 20.6 15.5 
3 " " 15.6 8.1 24.4 29.9 17.6 12.4 
4 ' , 10.6 DS ‚= 16.7 19.7 13.5 9.5 
5 ИЕ 4.7 11.6 TR 10.0 1.3 
б | ht ы 5.6 3.5(0) H 1.6 10.0 1.1 5.1 
ү 7 B | 1.5 2.5(e) ^ э(е) 2.1 | T 4.06) 
Ld 4 | 5 25(e) L5(0 | шз! 06) 9 50е) 2.506) 
| 1. Total Duties хво | 18.8 Go Е 164.9 ams | бюл | «4.6 
Total Dut: es 179.0 97.6 был BRON | 195.2 119.2 
acr MR du ee aan а РИ оа es eee | 
ASTS INSULATED | 
1 'l'op 35 dod | IS5 dl ESS | u$ | LS 
Lottom 23.0 152 | 38 2 16 3 280 | 190908 | 
2 Top | 1.3 | 5.3 13.1 11.5 / 26 | 02 
| | Bottom 21,2 14? 50 ИШИНЕ ИТ | 24.9 | 17. 
^ 3 | "lop 0.5 6.0 | ES | 6.5 17 | 2.2 
б Bottom 19.2 | 1&0 , 255 3t0 228 15.8 
4 Top 5.3 ТЛ u.1 3.5 9.5 5.2" M 
Bottom 14.7 12.3 19.9 24.0 18.0 12.3 
5 Top 8.0) | S.N 5.5 s.2 11.8 7.6 
© Bottom — 12.0 11.2 14.5 19.3 15.7 10.1 
| 6 | Top 10.2 | 9.4 S.d 13.0 14.6 9.0 
| | Hottom 9.5 10.6 | 11.6 11.5 12.9 9.0 
EE. Тор 12.6 | 9.5 11.7 16.4 17.5 11:0 
| | Bottom 1.4 10,5 8.3 11.1 10.0 7.0 | 
| $ ^ Top 13.1 9.6 14.0 18.9 19.3 12.8 | 
|, bottom 6.6 104 60 S.G 8.2 
i Ее = - |. , IRE CE ION oV Rp IT P Nm M 
i Total Duties 169. 1 | 160.0 239.9 | 293. 221. o 147. EN =| 
| Mast Duties: A ӨШИ» 20.0 kv. С ООМА 27.9 kv. I ТА 18.0 ку. | 


(o) equals estimated, 
* For notation of guy positions see Fig. 6. 


Fig. 5. It would appear, however, that an improvement in 
the location of the guy insulators could be made in this 
case. For instance, lowering the top insulators in the five 
lower guys would cause less distortion of the equipotential 
surfaces. 
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In studving the results given in Table 1, it was seen 


that the voltage duties on some insulators were so low as 
to make them uneconomical, and on others were so high as 
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to make additional insulation advisable. The insulators in 
the underneath guys of Fig. 13 for example, were prac- 
tically unused while those in the top guy under the antenna 
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Figure 14—Insulator Duties and Electrostatic Field with 2 Insulators 
per Guy. Guy Positions NCS—Mast Insulated. 
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had very high duties. The question then arose as to where 
to eliminate insulation and where to increase it. The an- 
swer to such a question depends fundamentally on the cor- 
responding change in effective height, but it is also influ- 


TABLE Il 


Voltage Duties with Micimum Total Duty per Guy equals 10 kv.— 
Masts Grounded. 


Kv. Duty on Insulator 
Guy Insulator (150 kv. on Antenna) 
No. Position 
| AN* | aE* | AW* | схе | све | pwe 
1 | Top 21.6 12.2 44.7 57.8 31.1 23.3 
Middle 13.8 Out 22.3 28.9 15.5 11.6 
Bottom 13.8 12.3 22.4 28.9 15.6 11.7 
2 | Top 23.3 10.2 34.3 47.0 27.4 19.0 
| Middle 8.6 Out 12.7 17.4 10.1 7.0 
Bottom 14.7 10.2 | 21.6 29.6 17.3 12.0 
3 Top 15.8 8.4 21.4 35.2 22.8 12.4 
| Middle Out Out Out 11.6 7.0 Out 
| Bottom 15.8 8.4 24.5 26.6 15.8 12.4 
" | Top 10.5 5.8 16.7 26.1 13.5 9.5 
Middle Out Out Out 10.0 Out Out 
| Bottom 10.5 5.8 16.7 16.1 13.5 . 9.5 
5 Тор 7.6 | Out 11.5 14.7 10.0 7.3 
| Bottom 7.6 Out 11.6 14.5 10.0 1.3 
6 | Top 55 | Out 7.6 10.1 7.1 5.1 
| Bottom 5.5 Out 1.6 10.0 1.1 5.1 
1 Top Out Out Out 5.4 Qut Out 
| Bottom Out Out Out 5.4 Out Out 
8 Top Out Out Out Out Out Out 
' | Bottom Out Out Out Out Out Out 
Total Duties | 180.6 73.3 | 2786 | 396 | 223.8 | 153.2 


* For notation of guy positions see Fig. 6. 


enced by the size of insulator units available. For example, 
it would not be economical to use insulator units where they 
carry only a small part of their rated duty. 

It was, therefore, assumed inadvisable to insulate a 
guy where the total duty (with 150 kv. on the antenna) was 
less than 10 kv. or to increase the number of insulators in 
a guy when the total guy duty was increased less than 10 
kv. In working out such an arrangement it was found that 
three insulators per guy was the largest number desirable. 
Four or five insulators per guy had very little more total 
duty than three insulators. 

The results of an arrangement worked out on this basis 
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are given in Table II and Fig. 15. No measurements were 
made with the mast insulated since at the time of the 
measurements it was not considered worth while to insulate 
the masts. 
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The electrostatic field in Fig. 15 is very similar to that 
shown in Fig. 18, but it will be noted that a more economi- 
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cal insulation arrangement has been effected. With only 
two additional insulators the total insulator duties for the 
entire mast have been increased from 1054 kv. (Fig. 13) 
to 1215 kv. (Fig. 15), a change of 18 рег cent. In spite of 
this large increase it is seen that a still greater increase 
could have been obtained if the middle insulators of Fig. 15 
had been arranged in a horizontal row instead of in a ver- 
tical row. 


CONCLUSION 


The final decision as to the value of mast and guy insula- 
tion will depend upon an economic study of the costs. The 
change in effective height caused by using a particular 
insulation arrangement can be measured on a model such 
as that described above and used to determine the saving in 
power effected. Balancing this saving against the cost of 
the insulators will show the value of the insulation. The 
various factors involved differ so much with the station and 
its location that such a balance for the example given above 
would be of interest only and of little practical value. 
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DISCUSSION ON 
RADIATION RESISTANCE OF A VERTICAL 
ANTENNA —(LEVIN AND YOUNG) 


Stuart Ballantine: With reference to the computation of 
radiation resistance at the base of a vertical antenna with 
excitation at unloaded harmonics, I should like to observe 
that these special values are very simply and accurately 
derived from the general formulae given in my paper (Pro- 
ceedings, 12, 823, 1924), particularly (18) in conjunction 
with the asymptotic developments (20) and (21) of the 
special functions S,(2) and S,(x) there employed. For odd 
harmonics n=1, 3, 5,...... , all the terms of (18) drop out 
except one so that the expression of the resistance at the an- 
tenna base is in this case reduced to the following simple 
form: : 
R,=15 S,(2zn) ohms (odd harmonics) (1) 

The functions S,(x) is related to the cosine-integral 
function, and has the following asymptotic development, 
useful for large values of т: 


1 6 
S,(x)—log x4-.5772— zi Mer m TT (2) 


For values of л above the first we may with considerable 
accuracy disregard the series, so that: 

R,=15(log n+2.416) approximately (3) 

` In view of the simplicity and accuracy of this formula, 

already published, I do not quite see why Messrs. Levin and 


Young were willing to undertake the somewhat tedious 
work connected with the derivation of their approximate 
formula. It may be of interest to compare the results given 
by the authors in their Table I with the values computed 
from (3) ; this tabulation follows: 


Odd Harmonic Levin & Comp. from 
Young (3) 


tom 


м2 wi 
ae аз Tg 


~l 2 4 (2 


3 
ә 
6 
6 
6f 
1 
1 
7 
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For excitation at even harmonic frequencies the current 
at the base of the antenna is nominally zero and the values 
of radiation resistance which are frequently of the most 1п- 
terest in these circumstances are those corresponding to the 
. point where the current amplitude is maximum. These val- 
ues were previously designated as Ё (loop) and in the pres- 
ent case are given by: 


1 
R (loop)=60[S,(zn)—- S,(2zn)], ohms 4 
d 
where n—2, 4,6, ...... . Now in view of (2) this may be 
written: 
5 1 
R (loop) ~ +5 Под n4+-1.4914+ .- „——........... ] (5) 
4 (тп) 


or, With excellent approximation, 
R (loop) —45[log n+1.491]. even harmonics (6) 
Messrs. Levin and Young do not furnish numerical val- 
ues for the even harmonics; the following computations 
from (6) may therefore be of interest. 


leven Harmonic (n) | 2 | 4! _6 | 8 i| 10 | Ae 14 ; 
R (at current loo») || 9950 | 129 | 149 ' 161 ! 171 | 179 | TSE | 


These values, together with those previously published, 
furnish us with the comprehensive picture of the variation 
of loop radiation resistance over the whole range of fre- 
quencies shown in Fig. 1. The loading necessary to produce 
resonance at the various frequencies is assumed to be in- 
serted at the base, and the lower end of the vertical antenna 
is connected to a perfectly conducting earth. Due to the 
concentration of load at the base the maxima and minima 
of resistance do not coincide exactly with the unloaded har- 
monic frequencies. The divergence is greatest at low fre- 
queneies, decreasing as the frequency increases as would be 
expected, until the envelopes of the extermals are the dotted 
curves given by the equations (3) and (6). 

As I have previously suggested (PROCEEDINGS, 13, 
255, 1925), when the antenna is erected over poorly con- 
ducting earth it is of some advartage to operate at an even 
harmonic, thus avoiding a great deal of earth loss. For 
short distance signaling by means of the direct earth ray 
the second (71-22) is suitable, while if the fourth (»—4) is 
employed the energy is radiated at an elevated angle of 
about 50 degrees and may cover greater distances by upper- 
atmosoheric reflection. Some very excellent results with 
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this mode of excitation have been reported to me in a pri- 
vate communication by B. A. Ostroumov, of the Radio Lab- 
oratory, Nijni-Nowgorod, Russia. In these tests, using a 
15 К. w. Bontch-Broojewitch tube to supply a vertical an- 
tenna of 78 meters (or 95 meters) height at Moscow, Mr. 
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Figure 1—Radiation Resistance (at Current Loop) of Vertical Antenna 
over Perfect Earth and Loaded at Base as a Junction of Operating 
Frequency, Fundamental Frecavency. 


W. W. Tatarinov used, according to my earlier prescrip- 
tion, a wavelength of about 83 meters. Signals of consid- 
erable strength were reported at Porto-Rico and India. 

In this note the term harmonic is employed in a strictly 
mathematical sense in which the fundamental is the first 
harmonic. This seems the best way to avoid the confusion 
which is current regarding the use of these terms. The 
term harmonic was originally borrowed from mathematics, 
whereas the physicist had been accustomed to referring to 
a fundamental and overtones. The second harmonic and 
first overtone are therefore synonymous, and so forth. 

Some reference might have been made in this paper to 
the early work of Balth. van der Pol, Jr. on this subject. 


Р, 


DISCUSSION ON 


THE OUTPUT OF CHACTERISTICS OF AMPLIFIER 
TUBES.— (WARNER AND LOUGHREN) 


D. F. Whiting: I wish to take the opportunity that this 
occasion affords of emphasizing the importance to the radio 
engineer of the general subject with which the paper by 
Messrs. Warner and Loughren deals. 

Mr. Warner has already pointed out to you that the 
development and use of improved loud speakers, which in- 
troduce less distortion of themselves and thereby allow the 
effects of tube overloading to be observed, has increased the 
need of amplifiers of considerably greater power. 

To illustrate the similar effect of improvements in 
transformer design, let me say that puzzled radio-enthus- 
lasts have often told me that, after replacing their old and 
supposedly inefficient audio-frequency transformers by those 
of improved design which are now appearing upon the 
market, they were must disappointed in the result of the 
change upon the quality of reproduction from their receiv- 
ing sets. Upon questioning them regarding the type of 
tubes used and the conditions of use, such as grid and 
plate voltages, type of louad speakers used and volume of 
sound, it was at once apparent that they were badly over- 
loading their amplifiers, which resulted in the poor quality 
that they had observed. The transformers which they had 
previously used cut off the low frequency where most of the 
energy of the original speech and music is concentrated, al- 
lowing the higher frequencies, to pass without serious over- 
loading of the tubes. When transformers which were efti- 
cient at the low frequencies were substituted, the high en- 
ergy of the low frequencies passed through the transform- 
ers to the tubes, overloaded them and produced the objec- 
tionable effect. 

The obvious answer is to use not only a good loud 
speaker and good audio-frequency transformers, but also 
an amplifier possessing adequate power capabilities, the lat- 


*Received by the Editor December 15, 1926. 
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ter requirement being tne subject of the paper under dis- 
cussion. 

Since the procedure for determining the optimum con- 
ditions and the maximum rower oztout for a vacuum tube 
according to the method outlined in the paver involves the 
use of curves which are not easily obtainable by the average 
radio enthusiast, it might not be inappropriate to indicate, 
a few simple relations which will serve as a guide to the 
optimum conditions. Thece relations are rartly theoretical 
and partly empirical; and, althozgh absolute exactness is 
not claimed for them beczase of many minor effects which 
must be neglected, they are sufficiently azcurate for most 
practical purposes, and the results obtained through their 
use have been found to agree fairly well with the results of 
careful tests. 

Neglecting the case in which the power is limited by 
the energy radiation from the plate, a condition which 
is not usual in receiving equipment, and assuming that the 
filament is capable of emitting a copious supply of electrons, 
the grid bias E, may be obtained from the expression 

y E, | | 
E „== a 
where » is the amplification constant and E, is the potential 
at the plate of the tube, the negative filament terminal be- 
ing considered the zero of potential. In case the amplifica- 
tion constant of the tube is unknown, a good value for E. 
can be found by getting an indication of the plate current 
with £,.—0 and En, normal and then increasing E, until the 
plate current is reduced to about one-third of this value. 

When using the prorer valve of grid bias, as determined 
above, and when ozerating into a resistance load equal to 
about twice the plate impedance, the maximum undistorted 
output power, Pms, is approximately as follows: 

pu 

JOM, 
where r, is the plate impedance at the plate and grid poten- 
tials chosen. In case the plate impedance is not known, 
Pa can be approximated in this way: 
E, I, 
10 

when J, is the plate current which flows with a plate poten- 
tial of E, and a grid bias of E.. 
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I am not certain just how closely these relations will 
be found to agree with the method oatlined in the paper, 
and it is not my purpose to provoke any controversy over 
their relative merits. Conditions are so aífected by the 
criteria assumed for full lcad that exact comparison may be 
dificult. I believe however that these relations will be found 
useful even to those in possession of com»lete tube data; 
and I state them here to add to the discussion as an expres- 
sion of this important sub;ect. 

A. V. Loughron: Mir. Whiting's quasi-empirical rules 
are of considerable interest and are quite useful when the 
operating conditions are those for which апу particular 
rule was developed. Unfortunately however the introduc- 
tion of an apparertly minor change in the circuit may 
sometimes be sufficie»t to invalidate the rule. The authors 
have employed such rules to some extent in practice, but 
feel that their proper sphere is the checking roughly of a 
design quantity obtained from the more rigorous methods 
set forth in the body of the paper. 
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DISCUSSION ON 
VACUUM TUBE NOMENCLATURE. (CHAFFEE) 


Geo. R. Metcalfe: The system of nomenclature proposed 
by Prof. Chaffee has undoubted advantages for both the 
writer and the readers of mathematical articles. These are 
very clearly set forth in his paper. When manuscripts of 
this character reach the printer and publisher, however, 
numerous disadvantages become apparent which are not 
generally appreciated by the layman. The writer does not 
wish by any means to deprecate the value of mathematical 
papers, as many of the most fundamental contributions to 
engineering literature are couched in highly mathematical 
language. Unfortunately such papers are very expensive 
to print, consume an extraordinary amount of time in their 
mechanical preparation, and generally, when printed, ap- 
peal to a very small fraction of the membership of the so- 
cieties by which they are published. | 

As an example of the expense of publishing an article 
using a nomenclature similar to that suggested in the paper 
under discussion; a forty-page paper of this character, re- 
cently published, cost for composition alone, $440.00 and 
for its complete publication about $800.00. If this paper 
was read and appreciated by twenty members of the society 
(and this is probably a liberal estimate) it cost the society 
forty dollars apiece to place the paper in the hands of these 
twenty members. In general, it may be safely estimated 
that a highly mathematical paper costs about five times as 
much as the same length of plain text, and in view of its 
very high cost and the relatively small number of readers, 
it is always a question as to how much money a society is 
justified in spending on a mathematical article. It certainly 
should be a paper of outstanding merit to warrant its pub- 
lication at all. 

From the foregoing it will be evident that in adopting 
anomenclature the practical requirements of the printer 
Should be given at least equal consideration with the con- 
venience of the reader, in order not to stifle the production 
of technical literature by prohibitive costs. From this point 
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of view the proposed nomenclature is unfortunate, because 
the use of one or two dashes above or below the letters and 
of caret signs and tildes over the letters doubles and triples 
the work of the compositor. А complicated equation with 
these various appendages attached to certain letters may, 
involve two or three hour's work and at the current rate of 
$3.50 per hour may bring the cost of five or six lines of 
type up to approximately $10.00. Such an equation consists 
of hundreds of different sized types all of which must be 
* justified" or fitted together so that the block may be lifted 
as a whole with each individual type tight in place. 

From the standpoint of publication, any system of no- 
tation should be confined for the sake of economy to Roman, 
Italic and bold face capitals and small letters, and Italic 
superior and inferior English and Greek capitals and small 
letters and figures. These, with the necessary mathematical 
symbols, are sufficiently difficult to handle without introduc- 
ing any further complications. 

An incident occurred some years ago that illustrates the 
attitude of printers toward complicated mathematical no- 
menclature. A very important mathematical paper was 
presented before an engineering society and it contained 
quite a few special characters for which special matrixes 
had to be cut. In order to expediate the typesetting the 
manuscript was divided between’ two experienced comovosi- 
tors. The first one looked over his part and resigned his 
job at once. The second man worked until noon and then 
gave notice that he would leave the job that night. It took 
over six weeks to set that manuscript in type with less ex- 
perienced compositors. 

It is felt that anything that can be done to simplify the 
nomenclature is of distinct advantage to engineering, as the 
production of engineering literature will surely be curtailed 
by making it too expensive for the engineering societies to 
publish. 


DIGEST OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY 


By John B. Brady 


1.608. 0{7—-ALBERT Н. TAYLOR and LEO С. YOUNG, Washington, D. С. 
Filed Jan. 7, 1925, issued Nov. 23, 1926. Assigned to Wired Radio, Inc. 
RADIO SIGNALING APPARATUS wherein a radio transmitter may be 
located at a substantial distance from the transmitting antenna and 
the high frequency supplied to the antenna over a trunk line extending 

for a substantial distance. 


160$,04S— ALDE?PRT H. TAYLOR, Washington, D. C. Filed Jan. 23, 1926, 
issued Nov. 23. 1926. Assigned to Wired Radio, Inc. 
Assigned to Wired Radio, Inc. 

PIEZO-ELECTRIC CRYSTAL CONTROL SYSTEM for frequency control 
of transmitting stations wherein a protective circuit is provided for pre- 
venting undue strain upon the piezo-electric crystal element in the event 
that the current should rise through the piezo-electric crystal circuit 
below a predetermined safe value. 


1,605,053—J A MES C. DALEY, Chicago, Ill. Filed Aug. 10, 1925, issued Nov. 
23, 1926, Assigned to Jefferson Electric Mfg. Co. 

MEANS FOR RECONDITIONING RADIO TUBES comprising an apparatus 
into which an electron tube may be inserted for successfully imposing 
high aud low voltages upon the filament for predetermined periods of 
time for restoring the tube to operating condition. 


1,698, 085—H, А. DOUGLAS, Bronson, Michigan. Filed June 1, 1922, issued 
Nov. 23, 1926. 

CONDENSER of variable capacity in which the disc-like plate may be moved 
within a cup shaped enclosure with respect to a stationary plate. 


1.6096 110—W, О. MEISSNER, Chicago, Ill. Filed Dec. 18, 1925, issued Nov. 
33, 1226. 

LOOP AERIAL in which a frame is provided with a plurality of apertures 
therenround and the conductors secured on the frame by members 
Passing through the apertures. 


1.608, 146—A. M. TROGNER, Rakoma Park, Maryland. Filed Feb. 27, 1922, 
issued Nov. 23, 1926. Assigned to Wired Radio, tne. 

FLECTRICAL PROTECTIVE ARRANGEMENT for automatically dis^on- 
necting the plate potential in a high power electron tube transmitter 
should the antenna or other load accepting circuit fail to function. 


1608979 p. E. GILLING, Fast Orange, N. J Filed Mar. 19. 1325, issued 
Nov. 23, 1926. Assigned to Wireless Specialty Apparatus Co. 

ELECTRICAL CONDENSER where a stack is secured under compression 
by means of U shaped clamps which slide over opposite ends of the con- 
denser, 


1.608999 OT. BECKER, Schenectady, N. Y. Filed) Feb. 4, 1920, issued 
Nov. 23, 1926. Assigned to General Electrie Co. 

MEANS FOR PRODUCING ALTERNATING CURRENTS wherein а two 
element tube is provided with an external magnetic field control winding 
arranged in the oscillatory circuit. 


1600 116—A. M. TROGNER, Washington, D. C. Filed June 4, 1926, issued 
Nov. 23. 1926. Assigned to Wired Radio Inc., of New York. 

MULTIPLE PIEZO-FLECTRIC HOLDER wherein а plurality of piezo- 
electric erystal elements of different frequency characteristics аге 
mounted upon a rotatable frame which may be moved to selective posi- 
tions for effectively positioning a desired piezo-electric crystal in the 
transmitter circuit. 
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1,608,311—ALVARADO L. R. ELLIS, Swampscott, Mass. Filed Jan. 5, 1926, 
issued Nov. 23, 1926. Assigned to General Electric Co. 

OSCILLATOR where а piezo-electric crystal element is connected to an 
electron tube circuit and the circuit tuned in response to a change in 
condition of the piezo-electric element for the control of a transmission 
circuit. 


1,605,316—A. W. HULL, Schenectady, N. Y. Filed Jan. 29, 1920, issued 
Nov. 23, 1926. Assigned to General Electric Co. 

METHOD OF AND MEANS FOR PRODUCING ALTERNATING CUR- 
RENTS which consists in producing a stream of electrons in sub- 
stantially radial paths betwcen гп electron emitting cathode and a 
cooperating electrode and periodically substantially interrupting the 
electron stream between cathode and anode by means of a magnetic 
field which is in a direction substantially at a right angle to the paths 
of the electrons and which is produced by current carried by said elec- 
tron stream. 


1,608,317— AUGUSTUS C. HYDE, Perivale, England. Filed May 26, 1925, 
issued Nov. 23, 1926. 

THERMIONIC VALVE having a cathode which is formed by coating a core 
of refractory metal by applying a solution of tungstic acid mixed with 
finely powdered thorium which is heated to at high temperature for 
forming the cathode. 


1,608,429—C. E. RILEY, Charlestown, Indiana. Filed May 18, 1925, issued 
Nov. 23, 1926. 

CRYSTAL DETECTOR HOLDER where a plurality of contact points in 
overlapping staggered relation are arranged to grip & crystal element 
therebetween. 


uu ur. J. AURYNGER, Brooklyn, М. Y. Filed Dec. 1, 1922, issued Nov. 


CONDENSER having а set of stator plates and two sets of rotor plates 
independently adjustable with reference to the stator plates. 


1,608,504—G. ML Newark, New Jersey. Filed April 15, 1924, issued 
Nov. 30, 26. 


ELECTRIC CONDENSER PLATE in which the surface of the plate is 
stippled with indentations for increasing the area of one plate with 


respect to the adjacent plate. 


1,608,526—T* F. POTTER, Glencoe, Illinois. Filed Oct. 23, 1922, issued Nov. 
30, 1926. Assigned to Kellogg Switchboard and Supply Company. 

CONDENSER having a set of rotor and stator plates nnd a separate set of 
verier plates controlled by a concentrically positioned operating shaft. 


1,608,535—P. SCHWERIN, New York, N. Y. Filed Dec. 30, 1921, issued Nov. 
30, 1926. Assigned to Western Electric Co. 

ELECTRIC DISCHARGE DEVICE in which the electrodes within the tube 
are supported on wire members flattened at selected points for position- 
ing the electrodes in deflnite relation. 


1.608,551—C. D. DEMAREST and R. К. BONELL, of Ridgewood and East 
Orange, New Jersey, respectively. Filed Dec. 30, 1925, issued Nov. 30. 
1926. Assigned to American Telephone & Telegraph Co. 

RADIO SIGNALING SYSTEM for linking line wire telephone systems with 
radio transmission and reception circuits with special circuit arrange- 
ments for indicating at a central station the particular secondary sta- 
tion which may be signaling the central station. 


1,608,580—S. CABOT, Brookline, Mass. Filed Nov. 19, 1924, issued Nov. 
30, 1926. 

RADIO RECEIVING SYSTEM embodying a method of tuning а radio-re- 
ceiving system of the radio-frequency amplifler type to the point o 
greatest sensitiveness for any wave length. within the range of said sys- 
tem whieh consists, first, in simultaneously chinging in opposite direc- 
tion the impedance of the input and output circuits of a vacuum tube ав 
wave length varies whereby any local oscillations that may be created in 
snid system will be of substantially uniform intensity for апу wave 
length within the range of said system, and, second, reducing the in- 
tensity of such local oscillations to as low a value as desired. 


1,608,824—W. М. Sullivan, deceased; late of Newark, N. J. Filed Jan. 26, 
1921, issued Nov. 30, 1926. Harriet Sullivan Payne, Administratrix. 
SPARK GAP STABILIZER consisting of a member of conducting material 
disposed laterally of the path of rotation of the rotary electrode and con- 
nected to ground the rotary electrode being driven in synchronism with 

with the a-c. supply source of the set. 


1,608,922—W. A. BOCKIUS, Wilmette, Ill. Filed June 6, 1925, issued Nov. 
30, 1926. Assigned to Н. F. Tideman, Н. Н. Whetter, and W. A. Bockius, 


of Chicago, Illinois. 
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ELECTRICAL CONDENSER comprising a pair of sets of interleaved plates, 
pivoted to swing on different axes, and means for conjointly shifting the 
sets comprising а cam wheel connected to shift said sets. 


1,608,969—H. W. WEBBE, Columbus, Ohio. Filed June 18, 1923, issued 
Nov. 30, 1926. 


DIFFERENTIAL RADIOCONTROL wherein a transmitter may be modulated 
under selective control of tuning fork3 while tuning forks at the receiver 
may be similarly controlled for closing particular circuits. 


1,608,971—A. S. BLATTERMAN, of Vail, Little Silver, N. J. Filed Jan. 29, 
1921, issued Nov. 30, 1926. Assigned to Murad Radio Corp. 


APPARATUS FOR CONTROLLING THE DIRECTIONAL RECEPTIO'" 
CHARACTERISTICS OF LOOP OR COIL ANTENNAE consisting of 
a plurality of sets of parallelly arranged conductors said conductors 
being of substantially equal length and arranged closely adjacent to a 
portion of the loop antenna to provide an electrical shield to said loop 
antenna. Mearns are provided for optionally connecting and disconnect- 
ing both sets of the parallel conductors with one another and ground, 
or only one set of snid sets of parallel conductors with the receiver, the 
other set of conductors being in this instance entirely disconnected. 


1,609,006—C. D. Tuska, Hartford, Conn. Filed Jan. 17, 1922, issued Nov. 
30, 1926. Assigned to The C. D. Tuska Co. 


VARIABLE CONDENSER wherein the rotatable shaft has а frictional 
bearing at one end consisting of a yielding strip anchored upon one 
of the insulated end plates of the condenser. 


1,609,116—J. Н. HAMMOND, uioucester, Mass. Filed Aug. 17, 1922, issued 
Nov. 3U, 1926. 


METHOD AND SYSTEM FOR COMMUNICATION BY RADIANT ENERGY 
in which oscillations at the transmitter have periodic variations of rela- 


tively lower but supersonic frequency impressed thereon and varied in 
accordance with the signal at the receiver a special circuit is provided 
for transforming the energy into oscillations having a frequency inter- 
mediate between the frequency of the original oscillations and the fre- 
quency of the variations, 


1,609,1185—С. HARDY, New York, N. Y. Filed Dec. 10, 1925, issued Nov. 
30, 1926. Assigned to Amsco Products, Inc. 


ELECTRICAL CONDENSER MANUFACTURE where the plates of а con- 
denser are keyed to a shaft by locking the plates within grooves formed 
in the shaft. 


1,609,152—F. C. CARMEL, Pittsfield, Mass. Filed Feb. 9, 1925, issued Nov. 
30, 1926. Assigned to A. Н. Rice Co. 


ANTENNA comprising a flat sheet of fabric including a plurality of braids 
laid parallel to each other and of insulating material and a conductor 
woven progressively forward in a zigzag manner across the sheet al- 
ternately between the strands of the sheet, 


1,509.162-——W. Е. DIEHL, Jamaica, N. Y. Filed Dec. 19, 1924, issued Nov. 
30, 1926. 

RADIO RECEIVING APPARATUS of the superheterodyne type wherein 
there is a receiving circuit for the incoming electric wave, a second cir- 
cuit adapted to be tuned to a frequency differing from the frequency of 
the first cireuit, and a third circuit having а variable tuning element 
mechanically connected. in such relation to a variable tuning element of 
the first circuit, as to maintain the third circuit, throughout the fre- 
quency range of the system, tuned to a frequency other than that at 
Which the second circuit is designed to operate for the desired signal 
and differing from that of the first circuit by an amount equal to the 
frequency difference between the first and second circuits. 


1,609,222—J. M. TAYLOR. Bridgeport, Pa. Filed Oct. 28, 1921, issued Nov. 
3, 1926. Assigned to Diamond Stace Fibre Co. 

INSULATED CONDUCTING ELEMENT for constructing condensers con- 
sisting of a body of metal foil with at least one sheet of parchmentized 
fibre applied thereto and extending through openings in said metallic foil. 


1,809,395 —C. IZ. BRIGHAM, of East Orange, N. J. Filed July 16, 1924, issued 
Dee. 7, 1926. Assigned to Brandes Laboratories, Inc. 

VISUL TESTING SYSTEM FOR ELECTROMAGNETIC SOUND REPRO- 
DUCERS by which the loud speakers may be tested both as to sensi- 
tivity and volume by observing their characteristics in an electrical 
circuit. 


1,609,931 —S. COHEN, New York, N. Y. Filed Oct. 30, 1923, issued Dec. 7, 1926. 


ELECTRICAL CONDENSER of the fixed stack type where a baked coating 
of metallic oxide is formed directly upon the dielectric plates for form- 
ing the condenser. 
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1,610,051—GU Y HILL, Washington, D. €. Filed May 16, 1921, issued Dec. 
7, 1926. Assigned to Wired Radio, Inc. 

SUPPORTING PLATE FOR ELECTRICAL CONDENSERS in which a 
semi-circular metallic plate is embedded in an insulated. plate and ar- 
ranged to coact with movauie plates for adjustment of capacity. 


1,610,073—Е. Е. W. ALEXANDERSON, Schenectady, N. Y. Filed April 10, 
1922, issued Dec. 7, 1926. Assigned to General Electric. Co. 

HIGH FREQUENCY SIGNALING SYSTEM in which two high frequency 
alternators are arranged to supply energy simultaneously to the same 
antenna circuit under control of separate modulator circuits without 
interference between the. channels. 


1,610,090—V. A. Hendrickson, Springdale, Conn. Filed Nov. 14, 1922, Issued 
Dee. 7, 1926. Assigned one-third to Fred Berg and one-third to J. Ed- 
ward Brown. 

GENERATING AND CONTROLLING SYSTEM FOR RADIO TELEPHONYP^ 
in which the anode circuit of the oscillator is provided with separate 
inductors which are coupled on opposite sides to the radiating inductance. 


1,610,122—L. EDENBURG, Brooklyn, N. Y. Filed June 10, 1924, issued Dec. 
7, 1926. Assigned to Dubilier Condenser & Radio Corp. 

ADJUSTABLE CONDENSER comprising a helically wound strip which may 
be adjusted with respect to a correspondingly shaped strip for changing 
the capacity of the condenser. 


1,609,366—FREDERICK A. KOLSTER, Washington, D. C. Filed Nov. 26, 
1920, issued Јес. 7, 1926. Assigned to Federal Telegraph Company. 
RADIO APPARATUS consisting of a closed circuit ineluding an inductance 
and a capacity area where the capacity area constitutes a conductor 

which is a part of the inductance in the signaling circuit. 


bo e E rhe R. McDONALD, Westmount, Quebec, Canada. Filed 

Oct. 31, 1925. 

VACUUM TUBE VIBRATION DAMPER in the form of a rubber cup which 
snugly grips the bulb of the tube for damping vibration. 


1,609, 748—J. WEINBERGER, New York, N. Y. Filed Sept. 20, 1921, issued 
Dec. 7, 1926. Assigned to Radio Corp. of America. 

RADIO TELEPHONE TRANSMITTING SYSTEM where alternating cur- 
rent above the limit of audibility is supplied to the plate filament cir- 
cuit of an oscillator and the supply to the oscillator modulated in ac- 
cordance with speech. 


1,609,805—W, N. FANNING, Vallejo, Calif. Filed Jan. 23, 1922, issued Dec. 
7, 1926. 

RADIO RECEIVING SYSTEM whercin a relay is acted upon by both signal 
and statie and the effect of static balanced out for the control of the 
relay by the signal. 


1,610,258—A. E. CHAPMAN, London, England. Filed June 4, 1923, issued 
Dec. 14, 1926. 

ELECTRICAL VARIABLE CONDENSER wherein two groups of plates are 
pivotally mounted spaced. in position on a support with a third group 
of plates pivotally mounted adjacent the first two groups and all adjus- 
table for controlling the tuning of an electrical circuit. 


1,610,316—W. A. E. QUIL TER. London, England. Filed Feb. 26, 1321, issued 
Dec. 14, 1926. Assigned to Radio Corp. of America. 

THERMIONIC DEVICE wherein a grid electrode constructed in а plurality 
of metal parts, each part having apertures and being capable of move- 
ment for the adjustment of the size of the apertures for the control 
of electron discharge. 

1,610,329—P. ©. SHIVERS, Racine, Wis. Filed Oct. 19, 1922, issued Dee. 14, 
1926. Assigned to Western Eiectric Co. 

RADIO APPARATUS wherein the frequency of the transmitting station may 
be varied and a corresponding change effected at а receiving Station for 
the secret transmission of signaling energy. 

1,610,371—H. Н. HAMMOND, JR., Gloucester, Mass. Filed (original) March 
21, 191%; renewed July 24, 1923, issued Dec. 14, 1926, 

GASEOUS DETECTOR OF RADIANT ENERGY AND METHOD OF CON- 
TROL THEREOF, in which cireuits are provided for the automatic in- 
terruption of the cathode and plate circuits of an clectron tube system 
at a predetermined rate. 

1,610,417—A. BOEDEKIZR and J. S. WENTWORTH, of Cincinnati and Nor- 
wood, Ohio, respectively. Filed March 7, 1925, issued Dec. 14, 1926. 
Assigned to Grandtone Radio Corp. 

RADIO CONDENSER in which sets of plates are slidable with respect to 
ench other in a frame of special construction for varying the capacity 
of the condenser system. 
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1,610,425—E. L. CHAFFEE, Belmont, Mass. Filed Sept. 3, 1918, issued Dec. 
14, 1926. Assigned to John Hays Hammond, Jr. 

TRANSMISSION SYSTEM FOR RADIANT ENERGY wherein high fre- 
quency oscillations are produced, amplified, and then increased in fre- 
quency for impression проп a transmitting antenna circuit. 


ша W. Eisenberg, Alhambra, Calif. Filed Mar. 28, 1923, issued Dec. 

RADIO EQUIPMENT wherein a variable condenser is arranged with а set 
of rotor plates and sets of alternately positioned stator plates. The sta- 
tor plates are arranged in separate series, each insulated one from the 
other and separately connected to an electron tube system, 


1.616,560—F. S. McCULLOUGH, Wilkinsburg, Pa. Filed Oct. 24, 1922, issued 
Dec. 14, 1926. 

VACUUM TUBP FILAMENT CONSTRUCTION AND METHOD OF 
MANUFACTURING SAME for use in power tube devices. A pitted sur- 
face is provided for the cathode for increasing rigidity and strength 
for high power operation. 


1,610.615—W. SCHAFFER, Berlin. Germany. Filed Oct. 28, 1924, issued Dec. 
14. 1926. Assigned to Gesellschaft fur Drahtlose Telegraphie, M. B. Н. 

ARRANGEMENT FOR MAINTAINING ANODE VOLTAGE CONSTANT IN 
TUBE TRANSMITTERS, where a rectifler supplies the output circuit 
of an oscillator with capacity and loading devices traversed by the recti- 
fied current for maintaining the circuit anode potential steady. 


1.610,704—8. D. PADDOCK, San Francisco, Calif. Filed Mar. 9, 1925, issued 
Dec. 14, 1926. Assigned to Paddock Engineering Corp. 

MEANS FOR INCREASING THE CAPACITY OF RADIOAERIALS by pro- 
Viding metallic extension members upon a conductor comprising the 
antenna. 


1.610,2783—— 4. W. HULL, Schenectadv, N. Y. Filed Dec. 18, 1920, issued Dec. 
14, 1926. Assigned to General Electric Co. 

ELFCTRON DISCHARGE APPARATUS in which an electrode auxiliary to 
the normal three electrodes is employed and а positive potential applied 
for giving the device a negative resistance characteristic. 


1,610,.837—W. C. WHITE, Schenectady, N. Y. Filed Mar. 6, 1923, issued 
Dec. 14, 1926. Assigned to General Electric Co. 

RECTIFIER CIRCUITS for obtaining uni-directional current from polyphase 
alternating current wherein individual rectifiers are provided in the sep- 
arate phases and the effect of the rectifier integrated for the production 
of rectified current. 


1,66510,2275—E. MAYER, Berlin, Germany. Filed Dec. 5, 1922. issued Dec. 14, 
1926. Assigned to Gesellschaft fur Drahtlose Telegraphie. 

ARC LAMP GENERATOR FOR PRODUCING AND AMPLIFYING ELEC- 
TRICAL OSCILLATIONS where а grid electrode is provided for con- 
trolling the passage of current between the anode and cathode. 


ке ср BERLOW, Fast Orange, М. J. Filed Mar. 2, 1925, issued Dec. 

4. 1926. 

RADIO APPARATUS in which a hollow base is provided for receiving ap- 
paratus within which all of the wiring for the equipment within the 
received may be enclosed. 


1,610,986—S. Silberman. Porz-on the Rhine, Germany. Filed July 18, 1925, 
issued Dec. 14, 1926. 

ELECTRICAL CONDENSER built up in the form of a cable having a plural- 
ity of metallic sections each insulated one from another. 


1.611.848S—E. Н. ARMSTRONG, New York, N. Y. Filed Dec. 13, (original) 1913; 
divided application filed May $8, 1926, issued Dec. 21, 1926. Assigned to 
Westinghouse Electric & Mfg. Co. 

RADIO RECEIVING SYSTEM FOR CONTINUOUS WAVES consisting of a 
resonant receiving circuit upon which received waves are impressed, the 
resonant receiving circuit being coupled with a resonant detector circuit 
by which oscillations in the detector circuit react for effecting an audible 
signal in the receiving crcuit. 


1611,990—C. € BONINE, of Melrose Park, Pa. Filed May 28, 1924, issued 
Dec. 28, 1926. 

ELECTRICAL CONDENSER in which a plurality of folds are provided for 
housing the plates of n condenser with an adjustable pressure device for 
regulating the special relation of the folds. 


1.611.101 —H. J. J. M. De R. DE BELLESCIZE, Paris, France. Filed August 
29, 1921, issued Dec. 28, 1926. 

RADIO SIGNALING SYSTEM for the transmission and reception of tele- 
graph signals hy a system of impulses which will make deciphering bv ^ 
receiver not equipped with the special apparatus required for this system 
extremely difficult. 
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1,611.182—WILLIAM Н. FRASSE, Newark, N. J. Filed Dec. 4, 1924, issued 
Dec. 21, 1926. 


RESISTANCE COUPLING which consists of a plurality of spaced terminals 
with rosistance elements and an inter scd condenser in series mounted 
in position with respect to the terminals for providing a coupling unit for 
radio receiving circuits. 


1,611.183— WILLIAM H. FRASSE, Newark, N. J. Filed Dec. 4, 1924, issued 
Dec. 21, 1926. 


GRID LEAK AND CONDENSER MOUNTING wherein a pair of spring 
arms are arranged to engage а condenser and a grid leak connecting the 
elements in shunt relationship. 


е Р. McARTHUR, Bogoto, N. J. Filed Jan. 4, 1926, issued Dec. 


RADIO RECEIVING APPARATUS in which radio receiving apparatus is 
mounted upon a panel and arranged to be readily removed to a position 
within a cabinet or removed from the cabinet, at the same time estab- 
lishing electrical connection with apparatus connected within the cabinet. 


1,611,224—HARRY NYQUIST, Jackson Heights, N. Y. Filed Dec. 19, 1923, 
issued Dec. 21, 1926. Assigned to American Telephone and Telegraph 
Company. 

METHOD AND APPARATUS FOR MEASURING FREQUENCY which 
consists in combining a given electro-motive force with an electro-mo- 
tive force of slightly different standard frequency to produce а current 
whose frequency is the difference of the two electro-motive force fre- 
quencies. The magnitude of this difference may then be measured. 


Uo SUE а. BURKWEST, Chicago, Ill. Filed Aug. 14, 1924, issued Dec. 

ADJUSTABLE CONDENSER in which a flexible metallic plate may be 
pressed in varying degrees with respect to a stationary plate for chang- 
ing the effective value of the condenser. 


He rt LATRAVERSE, Montreal Canada. Filed Dec. 24, 1925, issued 
ec. И . 


CONDENSER in which a plurality of variable condensers may be simul- 
taneously operated through a system of gears with balancing plates for 
each condenser which may be adjusted with respect to each of the 
variable condensers. 


1,612,134—C. V. LOGWOOD, San Francisco, Calif. Filed March 10, 1921, 
issued Dec. 28, 1926. 


RADIO RECEIVING SYSTEM including an electron tube system having 
coupled grid and plate circuits with a mechanical interrupter arranged 
in the circuits in the form of а chopper. 


1,612,259—W. R. BULLIMORE. Highbury Grove, London, England. Filed 
July 21, 1925, issued Dec. 238, 1926. 


THERMIONIC VALVE wherein the capacity between the connecting pins 
of an electron tube is reduced by providing air dielectric between the 
pins. 


1.612.284—J. Н. HAMMOND, JR.. Gloucester, Mass. Filed Oct. 14, 1922, 
issued Dec. 2%, 1926. 


SECRET RADIANT TELEPHONE where the transmitting station emits 
energy of varying character and the receiving station is provided with 
circuits which respond to the transmitted energy of varying character 
for piecing together the transmitted signnls regardless of the disasso- 
ciated arrangement of the signals which would be received upon any 
normal receiver. 


1,612,285—J. Н. HAMMOND, JR., Gloucester, Mass. Filed Oct. 31, 1922, 
issued Dec. 28, 1926. 


SYSTEM OF SECRET RADIANTTELEPHONY where a transmitting sta- 
tion emits energy over a variable range of frequencies and means are 
provided in the receiving station for integrating the effects of the re- 
ceived energy upon an observation circuit. 


1,6012,114-—W. С. BRUMDER, Milwaukee, Wis. Filed July 31, 1922, issued 
Dec. 28, 1926. 


ADJUSTABLE CONDENSER including a pair of adjustable drums which 
may be actuated for varying the position of one condenser plate with 
respect to another condenser plate. 


Dip rer FLURSCHEIM, Paris, France. Filed Nov. 13, 1923, issued Dec. 

25, 1926. 

RADIO WARNING SYSTEM FOR USE ON VEHICLES consisting of а re- 
ceiving installation for movable vehicles which will be actuated upon 
approach to a signaling station which might be located upon another 
movable vehicle for warning the occupant of the first vehicle of his 
approaching a position of danger. 
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1,612,440—F. L. HUNTER, JR., Томасо, New Jersey. Filed Oct. 29, 1924, 
issued Dec. 28, 1926: Assigned to DeForest Radio Company. 

ELECTRON DISCHARGE DEVICE where an insulated member is provided 
for supporting the electrodes within a tube, the insulating member be- 
ing resiliently mounted within the tube. 


1,612,44S—M. LATOUR, Paris, France. Filed May 3, 1924, issued Dec. 28, 
1926. Assigned to Latour Corp. 

ELECTRICAL SIGNALING SYSTEM AND METHOD where a group of 
signaling stations are arranged to receive on a certain wave length and 
transmit on another wave length in cooperation with another group of 
station3 with selective means for arranging the particular stations which 
are to be operated. 


1,612,473—E. G. SHALKHAUSER, Peoria, Ill. Filed Aug. 27, 1926, issued 
Dec. 28, 1926. 

VARIABLE CONDENSER in the form of a rotatable member which is 
screw threaded into a stator member in varying amounts for changing 
the capacity of the condenser. 


1,612,476—W. К. THOMAS, Crafton, Pa. Filed Sept. 12, 1922, issued Der 
25, 1926. Assigned to Samuel A. Pickering. 

RADIO RECEIVING SET in which a specific circuit arrangement із pro- 
vided for impressing a positive potential on the grids of the tubes in 
the receiving circuit. 


1,612,594—H. DE Е. MADDEN, Newark, New Jersey. Filed Sept. 29, 1922, 
isued Dec. 28, 1926. Assigned to Westinghouse Electric & Mfg. Co. 
MOUNT FOR ELECTRON EMISSION DEVICE in which a plate electrode 
is provided with side extensions which permit supports to be connected 
thereto where the supports extend in a vertical direction within the tube 


Digitized by Google 


GEOGRAPHICAL LOCATION OF MEMBERS 
ELECTED JANUARY 5, 1927 


Pennsylvania, 


Germany, 


Massachusetts, 
New Jersey, 


New York, 


Ohio, 


Dist. Co'umbia, 


Minois, 
New Jersey, 


New York, 
Pennsylvania, 
Enxland, 


Sudan, 


California, 


Colorado, 
Connecticut, 
Dist. Columbia, 


Illinois, 


Transferred to Fellow Grade 


К. Pittsburgh, Westinghouse Elec. & 
NITE AU. Oe a ese qeu der ai CS Wa ER RR 


Elected to Fellow Grade 
Berlin-Lankwitz, 1 Luisenstrasse .... 


Transferred to Member Grade 


Arlington Heights, 72 Oakland Ave. 
Cambridge, 5 Craigie Circle, Suite 6 . 
Englewood, 279 Audubon Road ...... 
Roselle, 276 East 3rd Ave. ........... 
Brooklyn, 114 Underhill Ave. ......... 
Brooklyn, 274 Linden Blvd. ......... 
Rochester, c-o Stromberg-Carlson Te. 
NM Ig. 101.9 oou ua tv dr EA ees 
Cleveland Heights, 3223 Ormond Road 


Elected to Member Grade 


Washington, 13í4 Belmont St. N. W. 
Washington, 405 Ninth St. N. W. .... 
Chicago, Armour Inst. of Tech. ..... 
Plainfield, 730 Park Ave. ............ 
So. Orange, 257 So. Ridgewood Road 
Buffalo, 15 Wilbury Place ............ 
New York City, c-o E. H. Robinson, 

79 Madison Ave. ................. 
Scranton, S20 Wheeler Ave. ......... 
Hampshire, Farnborough, Victoria 

Road aue e Eod аа NU eas Reais 
Kartoum, General Post Office ....... 


Associates Elected 
Hollywood, 1316 N. Sierra Bonita 


Conrad, Frank 


Wagner, Dr. K. W. 


. Lamson, H. W. 


McElroy, Paul К. 
Gillett, Glenn D. 
Hanson, O. B. 
Drew, C. E. 
Peuse, R. M. 


Graham, V. M. 
David, B. W. 


Heron, L. M. 
Loomis, M. T. 
Freeman, E. H. 
Barbulesco, C. D. 
Rodman, I. P 
Million, J. W. 


Moore, E. J. T. 
Graf, J. J. 


Barber, W. E. 
Edgeworth, К. E. 


. Rogers, M. E. 


Hollywood, 1212 Gordan St. ......... Wilson, С. L. 

Los Angeles, 3338 W. 27th St. ....... Comyns, W. 1, 
Los Angeles, 1922 Hooper Ave. ...... Ptleger, К. A 
Pasadena, 2157 Dolores Nt. ........... King, A ; 
Pasadena, 614 N. Holliston Ave. ..... Logan, M. A. 
San Francisco, 525 Market St. ...... Dauforth, R. S. * 
Sherman, 39 Elwood Nt. ............ Smith, W. H. 
Denver, 6100 Montview Blvd. ........ Owen, К. Н. 
Bridgeport, Bridgeport Herald. ...... C 


Washington, 6631 Harlan Place. N. W. 
Washington, 5503-33rd St. N. W.. 


. B. Kingston, 
Waldo, V. 


. Wheeler, H. A. 


Berwyn, 3111 Grove Ave. ............ Wilkinson, L. G. 
Chicano, 6318 Kenwood Ave. ........ Andres, F. J. 
Chicago, 207 City Hall .............. Bronson, G. E. 
Chicago, 9551 Longwood Drive ...... Christ, J. F. 
Chieago, 2017 Grace St. ............. Cummings, G 
Chicago, 716 Buena Ave. ............ Harries, H. M 
Chicago, 5112 Касе Ave. „,........... Heasley, D. F 
Chicago, 5480 Cornell Ave. .......... Hill, A. J. 
Chicago, 5005 W. Adams St. ...... .. Holmquist, C. T. 
Chicago, 1551 W. Adams St. ......... Howard, C. M. 
Chicago, 1607 Deacon St. ............ Jorgenson, H 
Chicago, 2510 Lexington St. ......... Murphy, E. R 
Chicago, 925 Wrightwood Ave. ...... Norene, В. E 
Chicago, 24 S. Clinton St. ........... Pfeifer, P. S 
Chicago, 6440 University Ave. ....... Temple. €. T 
Chicago, NI5 М. Pine Ave, ........... Trimble, L. 
Chicago, 3047 М. Robey St. ......... Weissmantel, €. H. 
Cicero, 2501 S. 61 Ave. ............... Zeithammel, A. J. 
Hinsda'e,. 37 N. Washington St. ...... Blair, Г 

Oak Park, 44 S. Maple Ave. ........ Blizat, C. R. 
Oak Park. 212 Marion St. ............ Phillips, L. FE 
Peoria, 507 Bigelow St. .............. Brewer. F. T 
Sycamore, 307 N. Main .............. Boynton, F. L. 


263 


264 Geographical Location of Members Elected January 5, 1927 


Indiana, Valparaiso, 451 Greenwich St. ....... Piatt, F. W. 

Warsaw, 9 Times Bldg. ............. Franklin, T. U. 
Iowa, Council Bluffs, 2408 S. 12th St. ...... Kelly, E. L. 
Kansas, Manhattan, 1622 Houston St. ........ Whan, L. H. 
Louisiana, New Orleans, 8544 Howard Ave. ..... Clemmons, W. A. 

New Orleans. 2211 Octavia St. ЖОК Green, W. 

New Orleans, 321 St. Charles St. Nall, V 

New Orleans, 6036 Patton St. ........ Nebe, H. G 

New Orleans, 512 St. Peter St. ...... Pohl, J. 


New Orleans, 139 S. Rampart 5t. 
Cambridge, M. I. T. Dormitories 
Cambridge, 954 Memorial Drive 


Р Willoz, V. Eo 


Massachusetts, . Chinn, H. A. 


TETEE Fahnestock, H., Jr. 
Cambridge, 34 Mass Ave. ............ Gebhardt, P. В. 
Winchester, 16 Wildwood St. ........ Allen, A. 
Michigan, Detroit, 1650 W. Gd. Blvd., Apt. 5, .. Lyons, F. E. 
Detroit, 774 Casgrain Ave. ........... Waynich, A. H. 
Minnesota, St. Paul, 820 Gt. Nor. Bldg. ......... Rankine, J. C. 
New Jersey, Bayonne, N9 W. 26th St. ............ Dillenbeck, P. D. 
Elizabeth, 20 Rankine St. ............ Crowley, D. A. 
Glen Ridge, 5 Pierson Place ......... Umbach, W. R. 
Jersey City, 66 York St. ............ Henschel, E. H. 
Leonia, 8 Paulin Blvd. ............... Musterman, H. G. A 
Montclair, 54 Hawthorne Pl. ....... Hervey, J Р. 
Wenonah, 109 E. Jersey Ave. ....... Beeler, E. 
New York, Brooklyn, 918 Е. Parkway .......... . Brody, M. M. 
Brooklyn, 2016 Greene Ave. .......... Grade, F. E. 
Brooklyn, 1705-77 St. ................. Hamre, F. 
Brooklyn, SS Livingston St. .......... Michelson, C. D. 
Brooklyn, 255 Hull St. ........... Redfern, Е.Е. 
Brooklyn, 1907 Homecrest Ave. ...... Reynolds, J. В. 
Brooklyn, 195 Ocean Ave. ............ шее J. 
Brooklyn, 1821-11th Ave. ............. White, P. S 
New Yor 41 Park Row ............ Allyn, R. S. 
New York, 463 West St. ............. Anderson. W. H. 
New York, lith Ave. & 36th St. ..... Baukat, H. W. 
New York, 453 W. 148rd St, .......... Brouthers, C. A. 
New York, 168 Washingtotn St. ...... Fernald, P. R. 
New York, 1055 Anderson Ave. ...... Grahar, J. 
New York, 195 Broadway ............ Green, I. 
New York, 1069 Gerard Ave. ......... Harvey, B. J 
New York, 16 E. 40th St. ............. Henry, C 
New York, 326 Broadway ............ Israel, J. 
New York, 233 Broadway ............ Melhuish, H. T. 
New York, 163 West St. ............. Mellor, W. N. 
New York, 1295 Madison Ave. ....... Purdy, F. R. 
New York, 136 Liberty St. ........... Schmetf, F. E. 
New Xon 571 W. 13Uth St. .......... Turski, A. 
New York, S. S. Seattle, Care 
Postmaster ааа. Whitaker, J. М. 
New York, 920 Prospect Ave. ........ Wright, H. M. 
Port Jefferson. 1207 Main St. ........ White, L. S. 
Schenectady, Radio Eng. Dept. С, E. 
wo ccc Hultkrantz, J. G. 
Scotia, Route No: 2 ................... Palmer, . L. 
Syracuse, 412 S. Alvord St. .......... Blaich, J. R. 
Ohio, Cincinnati, Brunswick-Bulke-Collin- 
° der o TOP Albricht, G. F. 
Cleveland, 8520 Carnegie Ave. ....... Calkins, W. G. 
Cleveland, 1101 Union Trust Bldg. . Covert, C. B. 
Cleveland, 2028 W. 99th St. .......... McCollister, D. R. 
Cleveland, 464 East 117th St. ........ Robertson, F. E. 
Pennsylvania, Altoona. 2629 Maple Ave. „........... Aughenbaugh, W. К. 
; Б. Pittsburgh, Westinghouse ........ Landon, У, D. 
Lansdowne, 79 S. Wycombe Ave. . Kimball, G. W. 
Norristown, 739 Noble Nt. ........... Sands, W. F. 
Philadelphia, 1912 Walnut St. ........ Kennedy, T. R. 
York, 431 М. Beaver St. ......... sees Gemmill, W. E. 
Vermont, Northfield, 11 Highland Ave. ......... Howes, D. E. 
Virginia, Arlington, Naval Radio Station ...... Freed, R. E. 
W. Virginia, Wheeling, 42 Poplar Ave. ........... Weimer, E. W. 
Wisconsin, Madison, 725 W. Dayton ............. Borden, F. G 
Madison, 222 N. Orchard St. ......... Davis, R. J. 
Madison, Burgess Laboratories ...... Martin, T. J. 
Milwaukee e, 717 Summitt Ave. ........ White, W. M. 
Associates Outside the U. S. 
Brazil, Sao Paulo, Mackenzie College ....... Weeden, E. H. 
Canada, Montreal, 497 Phillips Square ........ Crawford, J. 
УССР dues aor Oat & к ae ate ao Keays Baers Jessop, F. К. 
Toronto, 1936 Queen St. ............. Emes, К. 
Toronto, Apt. 16, "The Oaks" ....... De Grnve, on 
Toronto, Prince George Hotel ....... McClain, С. 
China, Shanghai. Commercial Press Yu, Chia hank 


a э э» ж $ 9 ое 


Geographical Location of Members Elected January 5, 1927 265 


England, Bournemouth, 1 Irving Rd., West 
Southbourne ..................... Kilmister, G. W. 
London, 11 Brassie Ave., East Acton Jervis, Е. J.. 
London, 27 Stanwick Eon West 


Kensington .........9........ ee Leathes, W. H. B. deM 
. Natwich, Coppice Road, Fern Villa .. Noden, J. 
Mexico, Mexico City, Gante No. 20 .......... Domenzain, S. 


Juniors Elected 
Connecticut, West Hartford, 111 South Highland 


. AWO. Aiden vas leas E ae ud Geen IA PR Wagner, R. P. 
Georgia, Decatur, 1127 Clairmont Ave. ........ Hamilton, J 
Illinois, Chicago, 1407 Irving Park Blvd. ..... Imes, R. N 
Massachusetts, Brookline, 62 Chestnut St. ........... Duffy, J. A. 
New Jersey, Clifton, 370 Clifton Ave. ............ Watts, I. B. 
Pennsylvania, Philadelphia, 2070 West 65th Ave. ... Hutchby, G. E. 
Texas. | Houston, 113 N. Palmer ............ Wheeler, Н. 
Wisconsin, Madison, 2246 Talmadge St. ......... Zurian, P. D. 


Digitized by Google 


PROCEEDINGS OF 
Che Instituie of Radio Engineers 


————————— 


Volume 16 APRIL, 192 Number 4 
CONTENTS 
Page 
Officers and Board of Direction А : ; . ; : Е 26% 
Institute Sections  . | . é ; : Я | . : 269 
Committees 1927 7 . : . ; : j i ‘ : 270 
Institute Activities . . ; , . . ; А К 273 
News of the Sections : З : . : А ; : 215 
Committee Work | : : , ; | . . ; 211 
А. Meissner, '"Piezo-Electric Crystals at Radio Frequencies” . 251 
б. Anders, "Quantitative Measurements on Reception in Radio” 297 
G. T. Royden, "The Frequency Checking Station at Mare Island" 313 
Discussion on Warner and Loughren Paper , . | А 319 
Discussion оп О. С. Roos Paper : ; ; А : Я 819 
Discussion оп С. W. Pickard Paper Eu ; А е . . 826 
Discussion оп W. A. MacDonald Paper : : : : 329 


Review of Current Literature by Stuart Ballantine— 
"Propagation of Short Waves Around the Earth"—E. Quack 311 
Geographical Location of Members Elected March 2, 1927 | 347 


GENERAL INFORMATION 


The Proceedings of the Institute are published monthly and con 
the papers and the discussions thereon as presented at meetings. 
ayment of the annual dues by a member entitles him to one copy 


o each number of the Proceedings issued during the period of his 
membership. 


at ho bscriptions to the Proceedings are received from non-members 


е ы of $1.00 per copy or $10.00 per year. To foreign countries 

cent i *S are $1.60 per copy or $11.00 per year. A discount of 25 per 

PHC 18 allowed to libraries and booksellers. 

йуу] right to reprint limited portions or abstracts of the articles. 

к уд, ог editorial notes in the Proceedings is granted on the 

of such Conditions that specitic reference shall be made to the source 

not be Material. Diagrams and photographs in the Proceedings may 

stitute th Produced without securing permission to do so from the In- 

| rough the Secretary. 

Proceed] understood that the statements and opinions given in the 

"ings are the views of the individual members to whom they 


are Credited, and are not binding on the membership of the Institute 
as а Whole, 


tain 


Copyright, 1927, by 
THE INSTITUTE OF RADIO ENGINEERS, Inc. 
" Publication Office 21 Center Street, Middletown. N. Y. 
Sditorial and Advertising Departments, 37 West 39th St., New York, N. Y. 


OFFICERS AND BOARD OF DIRECTION, 1927 


(Terms expire January 1, 1928, except as otherwise noted) 


PRESIDENT 
RALPH BOWN 


VICE-PRESIDENT 
FRANK CONRAD 


TREASURER SECRETARY AND EDITOR 
WARREN F. HUBLEY ALFRED N. GOLDSMITH 
MANAGERS 


MELVILLE EASTHAM В. Н. MANSON L. E. WHITTEMORE 


(Serving until Jan. 1, 1929) 


L. А. HAZELTINE A. E. REOCH J. F. DILLON 
(Serving until Jan. 1, 1930) 
J. V. L. HOGAN R. H. MARRIOTT К. A. HEISING 


(Serving until Jan. 1, (Serving until Jan. 1, 19360) 
1929) 


JUNIOR PAST PRESIDENTS 
J. Н. DELLINGER 
DONALD MCNICOL 


ASSISTANT SECRETARY ASSOCIATE EDITOR 
JOHN M. CLAYTON GEORGE К. METCALFE 


2% 


INSTITUTE SECTIONS 


BOSTON SECTION 
CHAIRMAN 


SECRETARY-TREASURER 
George W. Pierce 


Melville Eastham, 11 Windsor St., 
Cambridge, Mass. 


CANADIAN SECTION 


CHAIRMAN SECRETARY 

D Hepburn С. С. Meredith, 110 Church St., Toronto, Ontario 
CHICAGO SECTION 

CHAIRMAN 


SECRETARY 
G. M. Wilcox Н. E. Kranz, 4540 Armitage Ave., Chicago, Ill. 


CONNECTICUT VALLEY SECTION 
SECRETARY-TREASURER 


K. S. Van Dyke, Scott Laboratory. 
Middletown. Conn. 


CHAIRMAN 
W. G. Cady 


DETROIT SECTION 
CHAIRMAN 


SECRETARY-TREASURER 
Thomas E. Clerk 


W. К. Hofman, 615 West Lafayette Blvd., 
Detroit, Mich. 


LOS ANGELES SECTION 
CHAIRMAN 


SECRETARY 
L. Taufenbach 


L. Elden Smith, 340 М. Painter Ave., 
Whittier, Cal. 


PHILADELPHIA SECTION 
CHAIRMAN 


SECRETARY 
J. C Van Horn 


David P. Gullette. 1533 Pine Street, 
Philadelphia, Pa. 


ROCHESTER, N. Y. SECTION 


CHAIRMAN SECRETARY 
V. M. Graham Harvey Klumb, 34 Clinton Ave., 
Rochester, N. Y. 
SAN FRANCISCO SECTION 
CHAIRMAN SECRETARY-TREASURER 
I. F. Dillon D. B. McGowan, Custom House, 
San Francisco, Cal. 
SEATTLE SECTION 
CHAIRMAN SECRETARY-TREASURER 
John Greig R. D. Wilson, 1132 Highland Ave., 
Bremerton, Washington 
WASHINGTON SECTION 
CHAIRMAN SECRETARY-TREASURER 
А. Hoyt Tavlor 


Г. P. Guthrie, 122 Conn. Ave., Waxshinzton, D. C. 


209 


COMMITTEES OF THE INSTITUTE OF RADIO 
ENGINEERS, 1927 


Committee on Meetings and 
Papers 


R. H. MARRIOTT, Chairman 


STUART BALLATINE 
R. R. BATCHER 
CARL DREHER 

W. G. Н. FINCH 
ERICH HAUSMANN 
S. S. KIRBY 

G. W. PICKARD 
PAUL WEEKS 

W. WILSON 


Comm.ttee on Admissions 


F. CONRAD, Chairman 
ARTHUR BATCHELER 
HARRY F. DART 


C. P. EDWARDS 
A. H. GREBE 

L. A. HAZELTINE 
R. A. HEISING 

L. M. HULL 

F. H. KROGER 

A. G. LEE 

F. K. VREELAND 


F. EHRET 

E. H. HANSEN 
LLOYD JACQUET 
J. F. J. MAHER 
J. G. UZMANN 
WILLIS K. WING 
R. F. YATES 


Committee on Membership 


Committee on Revision of the 


Constitution 


J. H. DELLINGER, Chairman 


J. V. L. HOGAN 
DONALD MCNICOL 


Committee on Publicity 


HARRY F. DART, Chairman 
M. C. BATSEL 

M. BERGER 

GEORGE BURGHARD 

E. M. DELORAINE 
COL. J. F. DILLON 
Dr. L. J. DUNN 

C. P. EDWARDS 

W. С. Н. FINCH 

C. M. JANSKY, JR. 
ROBERT S. KRUSE 
WILLIAM J. LEE 
PENDLETON E. LEHDE 
C. L. RICHARDSON 

Е. Н. SCHNELL 

Е. К. SHUTE 

С. S. TURNER 

E. H. ULRICH 


All Section Secretaries, 
ex-officio 


Conmittee on Institute 


W. С. Н. FINCH, Chairman 


DAVID CASEM 
ORRIN E. DUNLAP 


to 


Sections 


DAVID H. GAGE, Chairman 
M. BERGER 


L. F. FULLER 
D. HEPBURN 


COMMITTEES OF THE INSTITUTE— (Continued) 


L. G. PACENT 
M. C. RYPINSK{ 
E. R. SHUTE 


Committee on 
Standardization 


L. E. WHITTEMORE, CHAIR- 


man. 
M. C. BATSEL 
EDW ARD BENNETT 
A. J. CARTER 
E. L. CHAFFEE 
J. Н. DELLINGER 
MELVILLE EASTHAM 
C. P. EDWARDS 


271 


GENERAL FERRIE 

A. N. GOLDSMITH 

L. A. HAZELTINE 

J. V. L. HOGAN 

L. M. HULL 

F. A. KOLSTER 

MAJOR J. О. MAUBORGNE 
R. H. MANSON 

DONALD MCNICOL 

E. L. NELSON 

H. S. OSBORNE 

LT. COMDR. W. J. RUBLE 
Е. Н. SHAUGHNESSY 
Н. М. TURNER 

С. A. WRIGHT 
HIDETSUGU YAGI 

J. ZENNECK 


Digitized by Google 


. INSTITUTE ACTIVITIES 


MARCH MEETING ОЕ BOARD ОЕ DIRECTION 


Át the meeting of the Board of Direction, held at Insti- 
tute Headquarters on March 2, 1927, the following were 
present: Dr. Ralph Bown, President; Frank Conrad, Vice- 
President; Dr. A. N. Goldsmith, Secretary; W. F. Hubley, 
Treasurer; Dr. J. H. Dellinger, Junior Past President; Don- 
ald McNicol, Junior Past President; Melville Eastham, L. 
А. Hazeltine, J. V. L. Hogan, R. A. Heising, R. Н. Manson, 
R. H. Marriott and J. M. Clayton, Assistant Secretary. 

The following were transferred to the grade of Mem- 
ber: Walter Van Nostrand, Jr., Ralph M. Heintz, Charles 
R. Rowe, Earl S. Fletcher and Charles Н. Stewart. 

The Board approved the election of the following to 
the Member grade: Charles C. Shumard, F. L. Pendergrass, 
W. R. McCanne, I. G. Maloff, E. S. Rogers, Dr. G. Leit- 
hauser, L. E. B. Everett and Albert Hall. 

Eighty-five Associate and nineteen Junior members 

“еге elected. 
Р A petition, from Institute members residing in Detroit, 
or the formation of a Detroit Section of the Institute was 
Presented and the formation of the Detroit Section was 
4PProved. 


NEW YORK MEETING OF THE INSTITUTE 


in ane meeting of the Institute was held on March 2, 1927 

А һе Engineering Societies Building, 33 West 39th street. 
Paper by Dr. A. Meissner on, “Piezo-Electric Crystals at 

"adio Frequencies" was read by Dr. K. S. Van Dyke of 
*Slevan University. 

$ Тһе paper was discussed by Dr. J. Н. Dellinger, Dr. K. 

kaw a” Dyke and others. The attendance at this meeting 
S Over two hundred. 


MEETING OF COMMITTEE ON ADMISSIONS 


TS АЁ the meeting of the Committee on Admissions held 
Wi the offices of the Institute on March 2nd, the following 
Sre present: Frank Conrad, Chairman; Messers. Hazel- 


пе, Heising, Hull and Kroger. The Committee approved 
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nine applications for election to the grade of Member and 
four applications for transfer to this grade. The Committee 
failed to approve the applications of two Associates for 
transfer to Member grade, and two non-members for direct 
election to this grade of membership. 


1927 YEAR BOOK 


The 1927 Year Book probably will be mailed to the en- 
tire membership within the next month. This Year Book 
will contain the names and addresses of the members of the 
Institute together with much information of value to the 
members. 

The list of membership will appear in geographical as 
-well as alphabetical order. 

Each member is requested to advise the office of the In- 
stitute of any incorrect listing of names or addresses. 


MORRIS LIEBMANN MEMORIAL PRIZE 


For a number of years the donor of the fund from which 
the annual award of the Morris Liebmann Memorial Prize 
has been made possible has requested that his name be 
withheld. 

At the Banquet of the Convention it was announced that 
the donor was Emil J. Simon, a Fellow of the Institute and 
a well-known radio engineer. 


APPLICATION FOR MEMBER AND FELLOW GRADE 


The work of passing upon applications for admission or 
transfer to the grade of Member or Fellow will be aided 
materially if the applicant, at the time of filing his appli- 
cation for admission or transfer, will write to his references 
giving them a сору of his training and experience record as 
it appears upon his application form. 

In many cases the persons to whom the applicant refers 
are acquainted with the applicant but do not recall the de- 
tails of his past training and experience and are therefore 
unable to give information of value to the Admissions Com- 
mittee. 

In general, applications for the grade of Junior or Asso- 
ciate can be accompanied with references from non-mem- 
bers of the Institute, when the applicant 18 not acquainted 
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With five Associates, Members or Fellows of the Institute, 
if the names of five of the applicant’s business associates 
or friends are given. These should be men engaged in en- 
gineering or scientific work, if possible. 


News of the Sections 


ROCHESTER SECTION 


The Rochester Section held a meeting on the roof of the 

Sangamo Hotel, Rozhester, N. Y., on February 11, 1927. 
he Meeting was addressed by George C. Furness who de- 

scribed in detail the work required in preparing and pre- 
senting the “Eveready Hour". 

Through the courtesy of station WHEC, the program 
"aS broadcast. 

The attendance at this meeting was two hundred. 


BOSTON SECTION 


Ti meeting of the Boston Section was held on February 
“th in Cruft Laboratory, Harvard University. Glenn 
rowning presented a paper on “Inter-Stage Tuned Radio 
lFéQuency Transformers". In the discussion which fol- 
Wed, the following participated: Professor Pierce, Profes- 
sor Field, Messrs. Murray, Lamson, Brown and others. 
he attendance was seventy. 


PHILADELPHIA SECTION 


On February 25, 1927, the Philadelphia Section held a 
p eting in the Bartol Laboratories, 131 N. 19th street, 
hiladelphia. Paul E. Ritter delivered a paper on, “A Talk 
ш Telephotography". A general discussion followed. 
Át this meeting there were thirty-five members present. 
hel he next meeting of the Philadelphia Section will be 
d on March 25, 1927 in the Bartol Laboratories. 


Los ANGELES SECTION 


А meeting of the Los Angeles Section was held on Feb- 
I 21, 1927 in the Los Angeles Commercial Club. Talks 
fre given by Messrs. Wallace and Heller on, “Short Wave 


276 | Institute Activities 


Experimental Work” and, “Master Oscillators in Broad- 
cast Transmission”. The talks were discussed by Messrs. 
Heller, Nikirk, Leighton, Wallace and Waters. 

The attendance was thirty-five. 


CHICAGO SECTION 


The Chicago Section held a meeting on February 25, 
1927 at which Professor G. M. Wilcox presided. The meet- 
ing was held in the auditorium of the Western Society of 
Engineers. Two papers were presented, one by Professor 
E. M. Terry on, “Factors Affecting the Constancy of Quartz 
Piezo-Electric Oscillators’, and the second by E. S. An- 
drews on “Electrolytic Condensers for "A" Current Fil- 
ters". 

The papers were discussed by Messrs. Arnold, Marco, 
Adair, Miller, Terry, Brack and others. 

The next meeting of the Chicago Section will be held in 
Fullerton Hall, Art Institute, Chicago on March 18th. A. A. 
Oswald of the Bell Telephone Laboratories will deliver a 
paper on, "Trans-Oceanic Telephone Transmission". 


WASHINGTON SECTION 


А meeting of the Washington Section was held in Har- 
vey's Restaurant, 11th and Pennsylvania Avenue, Washing- 
ton, on March 9th. C. Francis Jenkins read a paper on, 
"Visual Radio". The presiding officer at this meeting was 
Captain Guy Hill. 

Thirty-five members attended the meeting. 

The next meeting of the Washington Section will be held 
on April 13th at which time Dr. L. P. Wheeler of the U. S. 
Naval Research Laboratory will deliver a paper on, ‘‘Estab- 
lishment of Standard Radio Frequencies”. 


DETROIT SECTION 


A meeting of Institute Members residing in Detroit was 
held on February 18, 1927. This is the third of the pre- 
liminary organization meetings looking to the formation of 
the Detroit Section. 

Thomas R. Clark presided and a talk was given by 
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Earle D. Glatzel on, “Development of Power Line Carrier 
Systems”. The attendance was thirty-five. 

Since this meeting was held the Board of Direction has 
approved the petition submitted by the Detroit members, 
and the Detroit Section has been formed. 

The next meeting will be held on March 18, 1927. 


PROPOSED SECTION AT CLEVELAND 


For some time correspondence has been carried on be- 
tween Institute Headquarters and members residing in and 
around Cleveland, Ohio, for the purpose of establishing a 
Cleveland Section of the Institute. 

On February 25, 1927, an organization meeting was 
held in the Lecture Room of the Physics Building of the 
Case School of Applied Science in Cleveland. The meeting 
"as called to order by B. W. David. Colonel L. R. Krumm, 
Acting as the Institute's representative, delivered a talk on 

: € Institute, Sections and benefits to be derived from Sec- 
ons. 

Officers of the temporary organization were then elected 
as follows: John R. Martin, Chairman; R. E. Farnham, 

'ce-Chairman; L. L. Dodds, Secretary-Treasurer. The fol- 

owing temporary Committee Chairmen were appointed: 
ommittee on Meetings and Papers, D. Schregardas and 
ublicity Committee, B. W. David. 

Following the business part of the meeting, D. E. Re- 
Plogle of the Raytheon Manufacturing Company delivered 
3 Paper on, “ ‘B’ Power Supply Devices". 
| A petition requesting recognition of the proposed Cleve- 
апа Section has been forwarded to Institute Headquarters. 


Committee Work 


SECTIONAL COMMITTEE ON RADIO, A. E. S. C. 


. The following is a report of the activities of the Tech- 
nical Committees of the Sectional Committee on Radio, A. 
` S. C, for January 1927: 


Committee on Transmitting and Receiving Sets and 
Installations 


A number of changes in the personnel of this Committee 
ve been made during the month. The membership of 
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the Committee with their respective affiliations is as fol- 
lows: 


National Electric Manufacturers Association 


C. J. Young (General Electric Company) 

J. D. R. Freed (Freed-Eisemann Corporation) 
W. Н. Leathers (Graybar Electric Company) 
G. Lewis (Ken-rad Corporation) 


Pacific Radio Trades Association 
E. M. Sargeant | 


Association of Electragists 
A. L. Abbott 


Bureau of Standards 
J. H. Dellinger 


Inter-Department Radio Adrisory Committee 
J. H. Dellinger 


Institute of Radio Engineers 
M. Eastham (General Radio Company) 


American Institute of Electrical Engineers 
W. К. С. Baker (General Electric Company) 


National Fire Protection Association 
H. B. Smith (Underwriters Laboratories) 


Committee on Component Parts and Wiring 


A meeting of this Committee was held at the American 
Electrical Railways Association Board Room on February 
2nd, 1927. A Subcommittee was appointed to investigate 
variable condenser standardization. No standardization 
material was adonted for recommendation to the Sectional 
Committee, the Committee awaiting reports from the var- 
ious Subcommittees which have been investigating various 
subjects for standardization. The next meeting of the Com- 

{өе will be on March 2nd, 1927. 
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Committee on Vacuum Tubes 


The Chairman of this Committee has been active this 
month in an attempt to secure exact dimensional data on 
bases of vacuum tubes for possible standardization. 


Committee on Electro-Acoustic Devices 


Some material for consideration by the members of the 
Committee has been received from Dr. Hund of the Bureau 
of Standards. No meeting of the Committee was held dur- 
ing January. 


Committee on Power Supply and Outside Plant 


No action has been taken by this Committee during 
January, 1927. 


MEETING OF SUBCOMMITTEE ON RECEIVING SETS 


A meeting of the Subcommittee on Receiving Sets, of 
the Standardization Committee of the Institute, was held in 
the Institute offices on March 3rd. Those present were J. H. 
Dellimger (Chairman), A. F. Van Dyck, T. A. Smith, V. M. 
Graham, E. Austin, L. A. Hazeltine, E. E. Hiler, G. C. Crom, 
J. V. L. Hogan and L. С. Е. Horle. 

The meeting was largely devoted to the perfecting of 
the descriptions of basic methods of testing three overall 
characteristics of receiving sets, for which a preliminary 
draft had been prepared at a previous meeting. These three 
overall characteristics are sensitivity, selectivity, and fidel- 
ity. The Subcommittee prepared definitions of these terms 
and outlined testing methods and standard ways of express- 
ing the results. The apparatus required for the measure- 
ments is a source of radio-frequency voltage, of adjustable 
frequency, intensity, and modulation percentage, a standard 
artificial antenna (if the receiving set does not have a self- 
contained antenna), and instruments to measure audio-fre- 
quency power output. The results of the measurements are 
expressed in graphs. 

The Subcommittee has not completed this work. Some 
of the features of the tests remain to be specified by further 
work of the Subcommittee. 
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PIEZO-ELECTRIC CRYSTALS AT RADIO 
FREQUENCIES * 


Bx 
A. MEISSNER 
(Telefunken Company, Berlin, Germany) 


Piezo-electric crystals were first introduced into prac- 
tice by Cady' for the control of high-frequency oscillations 
and for the production of oscillations used in transmitter 
control. In general, quartz plate elements, cut parallel to 
the optical axes and perpendicular to one of the electrical 
axes, are employed in practice as piezo-electric bodies. The 
plate element (Fig. 1) has three natural periods of mechani- 
cal vibration to correspond to its three dimensions. If the 


Optical Axis 


Figure 1—Orientation of Quartz Plate 


plate element be excited by radio frequency (electrodes on 
taces арса and efgh), two of the natural periods of mechani- 
cal vibration—to wit, the transverse, corresponding to the 
thickness $, and the longitudinal, corresponding to the 
length L—will appear as natural electric oscillations’. 
"Translated from manuscript received October 11, 1926. Presented at the 
,. institute of Radio Engineers Meeting, New York, №. Y.. March 2, 1927. 
U. S. A. Patent No. 1,450,246 (Wave Control) and No. 172,583 (Generation 
_ Of Oscillations). 
Literature: See Scheibe's Summary, Jahrbuch, Bd. 28, Page 15. 
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Quartz crystals were first applied to wave control. A 
large number of circuits were devised for this purpose. A 
very interesting application is that of Mr. Giebe; namely, 
the utilization of the glow, such as the glow effect in a 
vacuum, arising from a high-frequency excited crystal. 

In order to make the adjustment to any desired wave as 
simple as possible and the luminous effect at crystal reson- 
ance as sensitive as possible, a wave control was tried such 
as is shown in Fig. 2. A is a circuit excited at the controlled 
frequency. 


A 


G 


Figure 2—Wave Control by Means of an Incandescent Lamp. 


The crystal lies parallel to the tuning condenser C. A 
small incandescent lamp G is coupled to this circuit. The 
lamp lights when the circuit A is roughly tuned to the trans- 
mitter frequency by the variable condenser C. If the wave 
of the transmitter to be controlled is exactly tuned to crystal 
resonance, the crystal draws so much energy from the tuned 
circuit that the lamp dims. The incandescent lamp is a 
much more positive light indicator for this purpose than 
the self-luminous crystal (in a vacuum). Besides, the ad- 
justment to crystal resonance by means of the dimming of 
an incandescent lamp as an indicator is much sharper than 
by the method of adjusting to highest luminosity. The ad- 
justment from darkness to luminosity is to a certain extent 
a method of minima. Quite astounding figures of pre- 
cision of adjustment—within one part in 100,000 or more— 
are attainable with this method. Such sharpness of tuning 
is not of paramount importance. It may be only a hin- 
drance. For the furtherance of crystal technique, it was 
first necessary to establish a method for the study of crys- 
tals, an arrangement for positive indications of resonance 
maxima, a method which would enable us to reproduce the 


ILiterature: See Scheibe, "Jahrbuch," Ва. 28, beginning p. 21. 
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resonance curve of the crystal. Fig. 3 shows a circuit of 
Dr. Heegner’s for this purpose. An amplifier tube is used. 
The transmitter acts only by induction. If the crystal K is 
excited to resonance, an indication is obtained on the instru- 
ment J in the plate circuit. We get the resonance curve by 
varying the frequency of the transmitter and reading the 
current indications of J. Б 


Figure 3—Wave Control by Means of a Vacuum Tube. 


A still simpler arrangement resulted through the com- 
bination of a crystal with a detector; e.g., as in Fig. 4. The 
crystal transfers part of its oscillation energy to the detec- 


СЭ к 
===> L 

D 
Figure 4—Wave Control by Means of a Detector. 


tor. The transmitter S acts upon the coil L. If the frequency 
of S is varied J will indicate the current values of the 
resonance curve. At resonance the crystal transfers maxi- 
mum energy to the detector. This manner of reproducing 
the resonance curve offers us a method, free from objection, 
for obtaining the values of the damping of the crystal bodies, 
as well as a way for studying all mechanical and electrical 
effects on crystal oscillation. Curve 1 (Fig. 5) gives the 
resonance curve of the transverse oscillation; curve 2, of 
the longitudinal oscillation. The damping of the crystal for 
transverse vibration is d—0.000 04 (A=500 m.) ; the damp- 
ing for longitudinal oscillations, d—0.00012. 


"The somewhat small and disturbing steady deflection of the detector at 
wave lengths under 500 meters ean be minimized in a simple way. 
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Indeed, we have been able to find means to modify the 
resonance curves of crystals. 


2 3 
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Figure 5—-Damping of Crystals. 


The damping can be changed either electrically or me- 
chanically. Curve 3 (Fig. 5) shows the crystal of curve 1 
damped by mechanical means. Curve 2 shows the same 
crystal damped electrically. The damping can be increased 
tenfold or twentyfold. 


C] k 


S e> U ; 


Figure 6—Wave Control by Means of a Glow Tube. 


Other methods were found for proving and demonstrat- 
ing crystal resonance. Fig. 6 shows one such method. In 
this method, a glow tube is in series with the crystal which 
consists of a single quartz plate element between two elec- 
trodes in an air medium.* The glow tube is separate from 
the crystal. In the figure, it is in series with the crystal. 
If the crystal is excited, its energy will be imparted to the 
glow tube. The glow tube brightens at the maximum of 
resonance. 

Following are the advantages of a wave control System 
of this kind: 


‘(Translator's Note: "in an air medium”, as distinguished from some other 


medium, such as oil.) 
-One must see that the capacity of the crystal mounting is not too great. 
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1. As the crystal is a self-contained unit, it can be 
made for any, and every wave length. 

2. The crystal can be damned to avoid excessive 
sharpness of resonance. 

3. The crystal operates at its optimum excitation 
and its best utilization factor. 

4. The resonance indication is given by large glow 
tubes with greater light emission. 


Thus, the question of wave control seems to be satisfac- 
torily solved technically. However, we must now ask 
whether, on the whole, the control of the transmitter in this 
way, by means of a wave standard, is a practical solution. 
All these methods of control are very complicated. First, 
one must juggle to and fro with the transmitter, until one 
finally hits on the usually excessively sharp resonance point 
of the crystal. Such a method is generally too difficult for 
the type of personnel that we must count on in engineering. 
The most convenient and logical solution is the following: 
To fix the frequency of the oscillator from the very begin- 
ning by means of a crystal, using the crystal as a control 
and as a calibration source for the transmitter, so that it 
will be impossible for the transmitter to oscillate at a fre- 
quency other than the normal crystal frequency. The crystal 


Longitudinal Oscillation Transverse Oscillation 
A> 1000m А < 1000m 


Figure 7—Crystal Oscillator. 


must be used as an oscillator only. The crystal is placed 
together with a resistance and a choke in the grid circuit 
of an amplifier tube; the plate circuit is tuned. This circuit 
is only to be used for the transverse oscillation of the crys- 
tal. For this purpose, the limit of thickness of crystal for 
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the shorter waves (A=100 m.) is about 1 mm; and, for prac- 
tical reasons, not over 1 cm. for the longer wave lengths 
(A=1,000m). 

A harmonic of the 1 mm. crystal is used for shorter wave 
lengths; while the longitudinal oscillations of the crystal 
are of importance for wave lengths over 1000 m. The cir- 
cult for such oscillations is the two-tube outfit of Dr. Heeg- 
ner (Fig. 7, left). The crystal is in the circuit of the first 
tube, the tuned circuit in the circuit of the second tube. 


Figure 8S—Small Test and Measuring Crystal Transmitters with Wave 
Range from 100 to 8000 Meters. 


There is regenerative capacitive coupling between the tuned 
circuit and the crystal. The photographs (Fig. 8) show two 
small test and measurement transmitters of 1 to 3 ohms 
connected to 220 to 440 V.), with a wave range from 100 to 
over 8,000 m. In the future, there will certainly be no lack 
of these small transmitters as wave length standards for a!l 
testing purposes. The first unit has one tube designed for 


A*100m A*l00m A: (00m А: 285m «25 т Ал. 25 т 
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Figure 9—Crystal Excitation for a 25-Meter Transmitter. 


100 to 1,000 m. The second unit has two tubes and is de- 
signed for wave lengths over 1,000 m. The crystal lies be- 
tween two metal surfaces which are held in position by a 
hard rubber mounting. The crystal for the desired wave 


Meissner: Piezo-Electric Crystals at Radio Frequencies 287 


length is inserted in each of the two units at the left and 
right, respectively, of the containing box. The condenser is 
set to the calibrated value; the deflection of the ammeter in 
the tuned plate circuit serves as an indication that oscilla- 
tions have set in. Crystal excitation is now the universal 
solution for purposes for which a very exact maintenance 
of transmitter frequency is required. This solution is, there- 
fore, especially important for short wave lengths. Fig. 9 
shows the arrangement for the two short wave transmit- 
ters at Nauen, for wave lengths from 25 to 40 m. 100 meters 
is the wave length of the crystal oscillation. The energy 
output is stepped up to 100 watts by two tubes, then quad- 
rupled and passed through three more amplifiers. The final 
energy in the antenna is 10 kw. Crystal excitation is also of 
importance for broadcast transmitters. | 

А whole series of broadcast stations in America operate 
with crystals. Our setups for this purpose are identical with 
those shown in Fig. 9. The stages of amplification back of 
the crystal tube are 5 w., then 75 w., 500 w., and 3 kw. in 
the antenna. 

An attempt was made to solve the present-day problem 
in present broadcasting of single-wave broadcasting by 
several stations utilizing crystal transmitters. The solution 
therefore consists in giving two separate transmitters con- 
trolling crystals ground to the same wave length; i.e., to 
exactly the same thickness. The studies made showed that 
a disproportionately high accuracy in the wave equality is 
necessary. The two transmitters must not vary from one 
another by more than 5-10 cycles ; i.e., their frequency must 
be exact within 10-3 to 10-* per cent.* Naturally, such 
accuracy of agreement can not be attained by grinding. The 
problem was solved electrically. The coupling between the 
crystal and the tuned circuit behind the transmitter tube 
was made variable. The crystal shown in the circuit of 
Fig. 10 is electrically nothing but a tuned circuit, and this 
crystal circuit is coupled electrically to the circuit of the 
tube assembly LC by means of a tube. The self-excited 
natural oscillation may be changed to a small extent by 
varying the coupling between the crystal and the tuned cir- 
cuit in such a system. This variation in coupling is here 
brought about by means of a small variable condenser C, in 
the circuit element AB. The wave length (A500 m.) is 


*Translator’s note: From within 1 рагі in 100,000 to 1 part in 1,000,000, 
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changed by 30 cycles by varying C, from 4 cm. to 40 cm. in 
capacity. The variable capacity can be replaced by the capa- 


Figure 10—Variation of Wave Length by Means of С, 


city of the electrodes; i.e., by varying the capacity of the 
electrodes by change of electrode separation, due to lifting 
one of the crystal electrodes, the frequency changes through 
150 cycles. 

Increase of the crystal temperature offers a further pos- 
sibility for changing the crystal frequency. If the crystal 
temperature is raised 10° by heating, in a hot box, the fre- 
quency of 600,000 cycles decreases by 60 cycles. The varia- 
tion is approximately as follows: 


T—20 to 30°— 60 cycles 
50 to 60°— 90 cycles 
70 to 80°—200 cycles 
90 to 100°— 50 cycles 


Experience must show us whether such crystal-con- 
trolled equal-wave broadcasting can be attained such that 
both transmitters will maintain equality of wave length 
over an extended period of time without extremely careful 
supervision. 

A peculiar phenomenon was encountered in the study of 
radio-frequency excited quartz crystals. If we bring a crys- 
tal, which is longer in the direction of the optical axis than 
is usually necessary for the production of oscillations—e.g., 
a crystal of the dimensions 5 mm. (along its optical axis), 
1.5 mm. (along its electrical axis), 3 mm. (at right angles 
to the optical and electrical axes)—, to its sharpest reso- 
nance by means of radio-frequency excitation, we usually 
do not perceive any movement. If we move the crystal 
somewhat, it begins to rotate and it continues to rotate with 
accelerating rapidity. The experiment usually ends with the 
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crystal being catapulted out from its two electrodes to dis- 
tances as much as 14 meter. The crystal rotation is based 
on two new phenomena; namely, a purely acoustic effect 
and a crystalline deviation (or anomaly) in the direc- 
tion of the optical axis. 

The acoustic phenomena are very obvious on a longitud- 
inal-vibrating crystal of the dimensions 28135 mm. It 
is excited at its most intense natural wave length (A= 
3,080 m.). Very intense air fluctuations appear at both 
surfaces (Fig. 11) at the moment of inception of oscilla- 
tions, (and they continue as long as the oscillations are 


Figure 11—Air Fluctuation Near the Crystal. 


Sustained). If we drop lycoprodium powder in the vicinity 
of the surfaces it is immediately blown away. A candle flame 
is extinguished; a wind-actuated pinwheel, brought within 
the field of the air current, rotates. If we move the pinwheel 
towards the center of the air current, its rotation stops; 
moving the pinwheel in the other direction of the air cur- 
rent, makes it rotate in the opposite direction. Fig. lla 
shows the distribution of these very intense air currents 
around the crystal in the horizontal direction, and Fig. 11b 
in the vertical direction. The limit of flow at the sides is 
quite definite. | 

We must delve into the reaction on the air of the high- 
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frequency acoustic effects of the crvstal for an explanation 
of these air currents. For these acoustic effects, the crystal 
oscillates as a longitudinal rod; i. e., the sound waves orig- 
inate from its end surfaces. No air currents are produced 
by the sound waves alone, even for high frequencies, in the 
vicinity of the vibrating body. The sound waves merely 
produce equal condensations and rarefactions. The pro- 
duction of air currents must be explained by some anoma- 
lous relations. The very intense sounds set up, entirely dis- 
proportionate to the dimensions of the crystal, are anoma- 
lous. The crystal surfaces have the dimensions 135 mm. 
During condensation, the air particles are repelled either 
normal to, or at an angle to, the small surfaces. During 
rarefaction, the same air particles should move in the oppo- 
site direction towards the receding surfaces. Nevertheless, 
since the surfaces are small, and their perimeters relatively 
large, air particles can stream in from all sides during rare- 
faction. At the next outward impulse, there are, therefore, 
in addition to the former particles, all the particles which 
were added during rarefaction. The condensation and the 
rarefaction are no longer equally intense. The condensation 
overweighs the rarefaction. One experiences the sensation 
of a continuous current of air on account of the rapid suc- 
cession of condensations. _ | 

Of course, the crystal can not be set in rotation by these 
air currents and the forces of reaction accompanying them. 
The forces set up by the air currents vanish as far as their 
action on the crystal is concerned. A moment of rotation is 
needed to produce rotation. This we obtain through a crys- 
talline anomaly in the direction of the optical axis. If we 
lengthen the crystal in the direction of the optical axis (Fig. 
11c) —i. e., if it is 28 mm. instead of 18 mm. in the direction 
of the optical axis—,we find, on the one hand, that the air 
currents are no longer distributed over the whole of the side 
surfaces, but rather over half the surfaces; and, on the 
other hand, these air current surface areas are no longer 
symmetrical. The air current on the right side is towards 
the upper right of the side surface, that on the left side to- 
wards the lower left of that surface. No matter where the 
air currents are located, the sound produced is always the 
same for the same crystal. 


Concerning nonderomotive effects of sound waves see Neesen, Annalen, 1547, 
р. 4141; Davis, МИ. Journ, 1902, p. 129. 
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A turning moment is exerted on the whole crystal by 
such dissymmetry of air flow. 

The direction of rotation is the same as that of a Seegner 
Waterwheel. If we reverse the crystal plate element, it ro- 
tates in the reverse direction because the air currents are 
attached to the surfaces ab and cd. 

The rotation of the crystal can be used to form a small 
Crystal motor. Fig. 12 shows an example. The crystal 
(10 X 10 X 1.5) is kept within bounds by a small spindle 


Figure 12—A Crystal Motor. 


through its center. This spindle or shaft extends outwards 
and carries a small disk for ease in observing the rotation. 
As soon as the high-frequency source is connected, the crys- 
tal element begins to rotate; and stops when the source is 

ISconnected. 

_Astudy was now made to see whether the electric-acous- 
Пе anomalies in the direction of the optical axis stood in any 
definite relation to the optical properties of the quartz. 

Irst, two similar elements of right and left optical-rotative 
quartz (28 X 28 X 5 mm.—Fig. 13b and Fig. 13d) were 
Mvestigated. The electrical polarity of these elements, their 
electrical axes, were determined by first heating the ele- 
Ments to about 80? and dusting with red lead and sulphur 
Powder during the process of cooling.* When the elements, 
Placed between two electrodes with their negative sides up- 
Permost, were excited at their most intense longitudinal os- 


——— 


'The mixture should be shaken through muslin, when, by friction, the sul- 
phur becomes negatively electrified and adheres to one side of the crystal, 
and the red lead, which is positively 'electrified, adhers to the other side. 


292 Meissner: Piezo-Electric Crystals at Radio Frequencies 


cillation, А830 m., air currents arose, corresponding to 
those of Fig. 13b and Fig. 13d. Indeed, viewed in the direc- 
tion of the electrical axis on the positive surface, the mo- 


a 
Optical Axis Optical Axis 


Right Rotating Crystal Left Rotating Crystal 
Figure 19—Right and Left Rotating Crystals. 


ments of rotation of the air currents for the crystal rotating 
optically to the right are seen in the sense of a spatial rota- 
tion to the right; and in the sense of a spatial rotation to 
the left for the crystal rotating optically to the left. The 
optically to-the-right-rotative crystal rotates mechanically 
about the electrical axis to the right, while the optically left- 
rotative crystal rotates mechanically about the electrical 
axis to the left. 

The direction in which the optical rotation of a quartz 
crystal takes place can, therefore, be determined from pure- 
ly electrical and acoustical data without any optical study. 
A plate element parallel to the optical axis is cut from the 
crystal, the electrical polarity is determined by dusting the 
side with powder during cooling, and the element is excited 
at its longest and most intense natural wave length. If the 
air currents thereby produced are in the direction of a right 
turn about the electrical axis, the crystal rotates optically 
to the right. If the air currents of the crystal make a left 
turn about the electrical axis, the crystal rotates optically to 
the left. Fig. 14 shows figures of flow for the quartz plates 
of various widths, in the direction of the optical axis for 
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quartz rotating to the right, and to the left, and for the 
fundamental and two harmonics.’ Below, to the right, are 
given the diagrams of flow for a pair of crystals of the di- 
mensions 5 mm. X 7 mm. X 8=4 mm. That side which is 
negative in cooling was uppermost for all the crystals. We 
see in all the figures that the crystals which turn to the right 
optically also rotate to the right when excited in their fun- 
damental frequency, and vice versa. For the appreciably 
weaker harmonics of the crystal, the rotation is in the re- 
verse direction to that of the fundamental, being again of 


Crystal £°2646°-5 "Ух 


Optical Axis 
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Figure 14—Right and Left Rotating Crystals. 


Opposite sign for crystals turning optically to the left and 
right. The line connecting the points of inception of the air 
currents at the crystal, “the angle of inclination," makes an 
angle of 40 deg. with, and to the left of, the optical axis 
for the main wave length of the right-rotative crystal. The 
"angle of inclination" of the first harmonic*, on the con- 
trary slopes to the right, forming an angle of approximately 
60 deg. —70 deg. 

The lines, connecting the points of most intense sound 
production on both sides of the crystal for the fundamental 
Je measdrémencs were carried out by Dr. F. Michelson and P. Hagen. 


6 4 + * * y ' 
Translator's note. “Nearby vibration frequency” is a more correct interpre- 
tion of the German '"Nebenwelle" than the term "harmonic". 
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and for the first harmonic, point to the fact that there are 
surfaces across the crystal forming angles of 40° and 60° 
to the optical axis, such that the conditions for the propa- 
gation of sounds are especially favorable. If we assume 
as most probable that the surfaces of the crystal most fav- 
orable for the propagation of sounds are at the same time 
the surfaces of greatest molecular density in the crystal 
structure, these surfaces are indications of the manner in 
which the individual horizontal planes of the crystal struc- 
ture are oriented. We thus have a new point of view for a 
conception of the crystal structure. The molecular density 
must be a maximum for those series of planes, the slopes 
for which we determined above. A structural model of the 
quartz element, which is based on these requirements, would 
have the following appearance. The structure-element con- 
sists of 3 horizontal planes. The planes are approximately 
equally spaced. In the planes are grid-molecule structures 


Figure 15—Displacement of the Crystal Planes. 


consisting of equilateral triangles and hexagons, respec- 
tively. The dots in Fig. 15 correspond to Si-atoms of great- 
est atomic weight. The height (c) of the lattice structure 
is approximately equal to the length of a side of the trian- 
gle (a—4.89 A; c=5.375 A).* The 2nd and 3rd planes аге 
displaced from the first plane, and this displacement is such 
that points M, and M, are displaced in the direction of the 
e(Translator's Note: 4 equals 4.89 angstroms is evidently the length of a 


side of the equilateral triangle; while c equals 5.375 angstroms is the 
height of the lattice structure.) 
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bisector of the angle between the electric axes E, and E,, and 
E, and E,, respectively, above the centers of gravity of the 
triangles that lie under them. The 4th plane is displaced 
with respect to the first plane by the length of a side of the 
triangle in the direction of one of the electrical axes. 

It is thereby identical with the first plane. The left- 
rotative crystal is evolved from the right rotative one by ex- 
changing the two planes 2 and 3. It is assumed in the model 
with respect to each Si-atom that there is an O-atom present 
above and below the Si-plane for each Si-atom. These 
atoms are intended merely to signify the direction of optical 
rotation of the crystal. The projection of the connecting 
line O-Si-O forms an angle of 120 deg. A rotation of 120 deg. 
is assumed from one plane to the neighboring plane—to the 
right for the right-rotating crystal; to the left for the left- 
rotating. This model corresponds to the following require- 
ments: 

Complete symmetry to all three electrical axes is main- 
tained both for the right and for the left-rotating crystal. 

There are planes of greatest molecular concentration. 
The angle of these surfaces to the optical axis is the same 
as was obtained from electric-acoustic observations—ap- 
proximately 40 deg. These surfaces slope the same angle to 
the right away from the optical axis for the left-rotating 
crystal; and to the left for the right-rotating crystal. 

There is another set of planes of largest molecular con- 
centration (of the second order). The ratio of the molecu- 
lar concentration of these planes to those of the first order 
are as 1:1.4. The surfaces are at a greater angle to the op- 
tical axis (60 deg.), and slope towards the other side of the 
optical axis from that to which the fundamental slopes. 
These surfaces correspond to the angle of inclination of the 
sound propagation for the first harmonic (A==2,810 m.). The 
slopes of the planes, etc., of the left-rotating crystals are 
the reverse, as the corresponding sound diagrams require. 

The translation of the mechanically right-rotating into 
the mechanically · left-rotating system simultaneously 
changes the optically right-rotating crystal into an optically 
left-rotating crystal. Of itself, the optically right and left 
rotation of the polarization plane in the crystal has nothing 
to do with the mechanical rotation and the position of the 
surfaces of greatest molecular thickness. The optical rota- 
tion has to do with the atoms, the mechanical rotation with 


296 Meissner: Piezo-Electric Crystals at Radio Frequencies 


the structure of the space lattice of molecules. However, 
these quite independent phenomena are here rigidly asso- 
ciated. One rotation does not take place without the other. 

If we cut a plate element out of the model, normal to 
one of the electrical axes, the element, in accordance with 
former conclusions, viewed in the direction of the electri- - 
cal axis with negative plate uppermost, will be subjected to 
a moment of rotation to the right for the case of an opti- 
cally right-rotating crystal with high-frequency excitation. 
We do not know the polarity of the plate; we know only 
the direction of surfaces of greatest molecular thickness, 
and know only that the corresponding crystal is, e.g., capa- 
ble of rotation to the right. However, these two things suf- 
fice to define the polarity of the plate. For the slope of the 
‘ surfaces of greatest molecular concentration to the optical 
axis is defined by these two items. The “angle of inclination" 
is translated into the optical axis by a rotation from the left 
to the right of a crystal rotating optically to the right. The 
negative face of the crystal ought to lie towards the specta- 
tor, according to previous statements with regard to simul- 
taneously optical and mechanical right-rotating crystals. 

The charges that go with the polarized condition of the 
faces are, therefore, fixed by the polarization rotation. One 
should progress from the position of the atom in one plane 
to the next in the structure element, for an elementary ex- 
planation of the appearance of the charge and its sign for 
quartz elements cut out at various angles, A point of refer- 
ence is obtained from the atom positions along the axes of 
the structure element. By drawing the atoms of the three 
structural planes around one of the axes we get for each of 
the planes cut by the axis polarities differing from 30? to 
309 on turning the plane. 

In the construction of the above structural model the 
main stress was laid on the absence of contradictions to the 
results of electric-acoustic experiments. The model does not 
take into account the modern Roentgen-ray investigations. 
This method serves merely as a conclusion and may be re- 
garded as а possibly useful aid to the understanding of the 
more specialized Roentgen-ray method. 

The electric-acoustic excitation method may be applied 
even to non-piezo-electric crystals without much difficulty. 
Perhaps we may succeed in discovering some entirely new 
methods of gaining a conception of crystal structure. 


QUANTITATIVE MEASUREMENTS ON RECEPTION 
IN RADIO TELEGRAPHY 


BY 
G. ANDERS 


(Abstract From Original Article Appearing in Elektrischen Nachrichten- 
technik, Vol. 12, No. 2, 1925.) 


In a recent Institute nublication*, M. Baumler showed 
the results of a comprehensive series of measurements of 
American long wave stations, made by the National Tele- 
graphic Engineering Bureau of Germany (Telegraphen- 
technische Reichsamt). Reference was made to the work of 
G. Anders who was responsible for the development of the 
system of measurement employed in obtaining these results. 
A complete description of this apparatus has been published 
in Е. N. T.**, and the material is given here in somewhat 
abbreviated form. 

Starting with a description of the simplest system of 
measurement in which the current in a loop is measured 
directly, the author gives a discussion of previous systems 
for the measurement of field intensities, their limitations 
and sources of error. Particular reference is made to the 
work of Hollingworth, Vallauri, Guierre, and Round in 
Europe, and of Pickard, Austin, Englund and Friis in this 
country. 

The author has perfected a method of field intensity 
measurement in the German Bureau of Telegraphic Engi- 
neering. By this method a series of monthly measurements 
of several days’ duration have been made of the field intensi- 
ties at Berlin and Strelitz-Alt (Mecklenburg), and of the 
American Stations Marion and Rocky Point I and IIt. This 
work started in February 1923, and was carried out with 
the cooperation of the Radio Corporation of America. The 
scheme employs the usual elements in signal strength mea- 


‘Received by the Editor, February 9, 1927. Er noon before the Institute of 
Radio Engineers, New York, N. Y., March 6, 1927 

*М. Baumler “New Investigation Eon the Propagation of Electro- 
magnetic Waves." E. N. T. Vol. 1, Part 2, p. 50, 1924. 

**Vol. 2, No. 12, Р. 401, 1925. 

*Proc. I. R. E. Vol. 13, No. 1, 1925 "Recent Investigations on the Propagation 
of Electromagnetic Waves" by M. Baumler. 
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suring work, viz. wave collector, receiving set with indicator 
and calibrating apparatus. The basic arrangement і is shown 
in Figure 6. 

The calibrating method is essentially a current-measur- 
ing device. Referring to Fig. 6, the secondary receiving cir- 
cuit is coupled through the mutual inductance M, to a small 


Figure 6 


coil G, which is alternately switched to the ground lead of 
the antenna circuit, and to the ends of a coil P of a relatively 
large number of turns, and of small effective resistance. 
This latter circuit is in turn coupled with the calibrating 
oscillator H S by means of the mutual inductance M,. These 
two coils may be considered as a current transformer. The 
primary current, Г, is measured by means of a vacuum bar- 
retter, (hot-wire resistance), and the secondary current, I., 
is made equal to the current produced by the receiving sig- 
nal, as indicated by the meter in the output of the receiver. 
Then knowing the ratio of transformation of the current 
transformer it is possible to determine antenna currents 
which do not allow of direct measurement. 

The use of a loop instead of the vertical antenna shown 
is equally permissible with this method, and it has been 
found possible to measure field intensities as low as 10 
microvolts per meter at a wave length of 10 km. (30 kc.), 
using a 30-turn loop 3 meters square having an effective 
resistance of 10 ohms. 
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The receiving set proper consists of a two-stage radio 
freauency amplifier, heterodyne oscillator, detector, and 
an audio amplifier. A Wulf thread electrometer* with a 
transformer 'is.connected in series with the telephone re- 
ceivers to indicate the output. The thread of the electro- 
meter is protected by the secondary winding of the trans- 
former, becalise the short-circuit current of the transformer 
is too small to burn out the thread if it touches the electrode 
edges. st 


Fig. 7 shows the external appearance of a portable mea- 
suring set built in the workshops of the Telegraph Engin- 
eering Bureau, and capable of covering the range of 200- 
25,000 meters by means of interchangeable coils. Figure 8 
and 9 give the scheme of connections with overhead and 
loop antenna, respectively. 


*The single-thread electrometer produced by the Gunther and Tegetmeyer 
Company of Brunswick and herein illustrated has two sharp-edged elec- 
trodes a and b each 69 millimeters (0.236 inch) long between which is 
placed a platinum wire c 0.002 millimeter (0.00008 inch) thick. The edges 
are parallel and 12 millimeters (0.47 inch) apart. The platinum wire is 
stretched taut by a thin bowed quartz fiber d placed below the edges 
and parallel to the line joining them. 


When the electrometer is used as an audio frequency indicator for receiver 
measurements, the circuit used is such that one edge is connected to 
the wire and the other to the case of the instrument. As a direct or 
alternating potential is applied to the thread (wire), it is attracted to 
one edge and repelled from the other. The deflection is observed with a 
microscope and measured by means of a micrometer eyepiece. The range 
of potentials covered by the electrometer with a normal tension on the 
thread is from 25 to 100 volts. 
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Figure 7—Portable Measuring Set 


The apparatus consists of four square boxes, each 50 ст. 
on a side. The lower left box is No. 1 (see Figures 7 to 9). 
Box No. 2 is immediately above. The upper right box is No. 
3. The lower right box is No. 4. 

Toward the back of a shelf connecting the compartments 


zum Verstärker 


Figure 8 


is located a two to four-tube audio amplifier with a resonant 
circuit below it, and an electrometer to the right. 
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It was found necessary to protect the receiving circuit 
from the influence of interfering radio frequency fields. On 
the other hand, the difficulty of preventing reaction between 
oscillator and loop, especially at short waves, does not in- 
fluence this method, since the aerial and oscillator act alter- 
nately on the winding Q of the receiver. 


zum Verstarke 


Figure 9 


Stray coupling is prevented by the use of differential 
coils, and by enclosing each compartment in 0.3 mm (0.012) 
sheet copper, with appropriate interconnection of the 
circuit with this copper casing to minimize electro static 
disturbances. Interfering capacitative coupling within the 
compartments themselvc: is dimished by the use of symme- 
trical circuit connections. | 

The construction of the differential coils can be seen in 
Fig. 10. Each pair of coils consists of two pancake coils 
lying in the same plane and wound in the same sense, the 
current flowing in opposite directions. Differential vario- 
meters are used in the following parts of the apparatus: 


1. The oscillator-measuring circuit coupling, 

2. The current transformer, 

3. Antenna loading coil and excitation winding (coil O), 
and 

4. Coupling between coil Q and receiver coil. 


The coupling between the oscillator and the measuring 
circuit is always made as close as possible, and the current 
in the measuring circuit is regulated by varying the oscilla- 
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tor plate potential by means of a rotating contact form of 
potentiometer consisting of 25 steps of 400 ohms each. This 
keeps the oscillator power at a minimum and avoids excess- 
ive stray fields. 


Figure 10—Construction of Differential Coils 


In order to increase the sharpness of tuning of the re- 
ceiver a low frequency anti-resonant circuit is connected in 
parallel with the primary of the transformer which couples 
the first and second stages of the audio-frequency amplifier. 
This tuned circuit consists of a 0.2-henry coil and a 0.1-mic- 
rofarad condenser, and resonates at w==7,500, which corres- 
ponds to the main resonant frequency of the telephone re- 
ceiver used. The effective resistance of the tuned circuit 
was found by experiment to be 32 ohms, and the anti-reso- 
nant impedance 71,500 ohms. The sharpness of this circuit 
is often found to be too great when receiving short waves 
from stations with insufficient constancy of frequency, so 
that a step-by-step resistance is provided for adjusting the 
damping of this tuned circuit. In order to keep the im- 
pedance of this shunt constant, and so to keep the amplifi- 
cation the same, an appropriate value of resistance is in- 
serted in series with the tuned circuit. 

An important element in the calibrating apparatus 1s 
the current transformer. The theory of the current trans- 
former is simple, being merely that of a transformer with- 
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out an iron core. The current transformation ratio is given 
by the expression 
VR'-r(sL) L 
Mem oM ЕВ ПБ 
where R апа L аге the secondary constants, М the mutual 
inductance, and I, and 1, the primary and secondary cur- 
rents, respectively. 
For a low-loss secondary coil R? is negligible as com- 
pared with (oL) , so that 
L 
Р M 
It will be noted that this expression is independent of fre- 
quency. However, at the higher frequencies a dependance of 
u upon frequency may arise as the result of capacity coup- 
ling between the coils, and the distributed capacity of the 
coils and leads. These effects may produce a decrease in y. 
The relation is given by the expression* 


— H 
where п, is the apparent ratio of transformation for a fre- 
quency factor о, » the ratio without capacity effects, and K 
a constant depending upon the magnitude of the capacity 
effect. K can be determined experimentally from two appar- 
ent ratios of transformation p, and y, at the two frequency 
factors o, апа w, 

k= 

pass M 
(For a transformer in which L=192<10-"" henry, K= 
1.765107" for ,—32.5, and K=2.7310- for p=2.03. The 
useful range of this transformer was from A—6,000 m 
(down.) 

The tuned receiver circuit is coupled with the secondary 
circuit of the current transformer through the mutual in- 
ductance M, (Fig. 6). The receiver circuit induces into this 
circuit a resistance: 


JN 
R == І 
CUR 


in which R, is the receiver circuit resistance. But as long 
as (Е-Е) « «wL, К, does not affect „ and consequently 
the calibration. 


*Moller and Schrader: “Concerning the Production of Small Alternating 
Currents of Known Amplitude", Jahrb. der drahtl. Telegr., 22, p. 64, 1923. 
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A calibrated current meter is connected (in place of the 
short circuiting link, K, Figs. 8 and 9) in the secondary 
circuit for calibrating the current transformer. A sensitive 
thermocouple is used for the secondary and a less sensitive 
thermocouple or hot-wire meter for the primary according 
to the ratio of transformation to be determined. The cur- 
rent used will, of course, have to be larger than that used 
during measurements, so that larger tubes are employed. 
The ratio of transformation „ is independent of the current 
used because the transformer does not contain any resis- 
tance which is dependent on the current magnitude. The 
calibration may therefore be carried out at any arbitrary 
current values; in every case »—!/,--I,, where I, and I, are 
the measured primary currents and secondary currents, 
respectively. 

Ammeters which cannot be calibrated by connecting 
them in series with a d-c-calibrated radio frequency in- 
strument can be calibrated very easily at radio frequencies 
by means of a calibrated transformer. The vacuum-barret- 
ter, the range of measurement of which —5x10- to 510" 
amperes—coincide with the range of sensitive vacuum-ther- 
mocouples only for its highest values, belongs to this class 
of current meters. The barretter resistance, which is highly 
variable with change in current (the resistance changes 
from 330 to 420 ohms as the current is changed from 0 to 
0.4 milliampers), need not be considered in calibration so 
long as wL’>>R’*. oL must be at least 5000 ohms if RF’ is 
to be 1% of wL’, the barretter resistance 450 ohms, and the 
effective coil circuit resistance 50 ohms.. (For A=3,020 
meters, L must be at least 80У‹10-* henrys). 


Antenna calibration is required. It is necessary to deter- 
mine the resistance of the overhead or loop antenna, in 
order to be able to ascertain the emf. induced by the re- 
ceived signal. This is accomplished by the substitution 
method with the adjustable resistances R,, and R,, and {ће 
exciting coil O (see Figs. 8 and 9), using the measuring set 
as an indicator. 

The disadvantage of the overhead antenna in measure- 
ment work is the necessity for determining its effective 
height. The effective height is dependent upon the wave 
length in question. It is constant only for wave lengths which 
are a multiple of the natural period of the antenna. The 
effective height may be determined: 
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(a) By means of a sending station of known effective 
height h,, and removed from the point of measure- 
ment by a distance of several wave lengths. 


(b) With a loop set up at the same point as the over- 
head receiving antenna, or 


(c) By the triangulation method of Pession.* 


А discussion of these methods and the necessary formu- 
las are given. 


During the reception of signals, resistance is introduced 
into the aerial circuit as a result of its coupling with the 
tuned received circuit. The current flowing under the in- 
fluence of an incoming wave is thus dependent upon the 
resistance introduced as well as upon the resistance of the 
aerial alone. Since in the calibration method a measured 
current is passed through coil Q, the introduced resistance 
must be known, or made negligible. It is satisfactory to 
make М,—1 /10 of the maximum value of M,. There is 
then the advantage that it is unnecessary to take into con- 
sideration the induced resistance R,, since it amounts to 
only one per cent. of R, for this case, while the emf. in the 
receiver circuit is decreased to but 1/5 of the value ob- 
tained by using the maximum value of M,. 


The limits of the allowable values of M, are determined 
in practice by investigating the dependence of the electro- 
meter readings on the angular position of the aerial-re- 
ceiver coupling variometer, first with the aerial connection, 
and then with the oscillator connection. Before this is done 
the deflection produced by the oscillator with loose coupling 
is made equal to the deflection produced by a distant trans- 
mitter. 


Receiver Requirements. Not every receiver is suited 
for this particular purpose. А receiver may be employed if 
it satisfies the following conditions: 

1. The amplification must be sufficient and adjustable. 

2. The deflection of the output-indicating device should 
be linearly related to the received signal intensity for any 
value of amplification. 

3. The amplification factor should remain constant over 
long periods of time. 

4. The selectivity should be as great as the constancy of 
frequency of the sending station permits. 


———— 


*Radio Review, Vol. 2, p. 228, 1921. 
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5. The apparatus should be as simple and as easy to 
Inspect as possible, and as easily installed and tuned as 
practicable. 

The receiving apparatus used consists of a two-stage 
radio frequency amplifier without regeneration, a hetero- 
dyne oscillator, an audio frequency amplifier with selective 
circuit, a thread electrometer, and a telephone receiver, all 
connected with a receiver circuit. 

Three adjustments are necessary to tune the set-up to a 
given station: 


1. The tuning of the antenna circuit, 
2. The tuning of the receiver circuit, and 
3. The tuning of the heterodvne oscillator, after first 


adjusting the antenna coupling to a suitable value. 

All three tuning adjustments are effected by obtaining 
maximum electrometer deflection, and therefore can be 
more quickly and exactly carried out than adjustment for 


Pe wv 


Figure 12—Electrometer deflection in scale divisions as a function of 
audio input voltage. (1) without resonant circuit, (2) with reson- 
ant circuit. 

maximum sound intensity in the telephone receiver. The 

mutual independence of the three settings is of great im- 

portance in securing ease and rapidity of tuning. The aerial 

and receiver tuning adjustments are independent of one an- 
other because the coupling between the circuits is very 
loose. The heterodyne oscillator setting is not influenced 
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by these adjustments because the position of the low fre- 
quency resonant circuit makes it independent of the input 
voltage of the audio amplifier. Without this tuned circuit 
this independence is absent because resonance effects, de- 
pendent upon the current through the audio transformers, 
influence the maximum electrometer deflections. | 
The proportionality of received emf. and electrometer 
deflection is of importance in the accuracy of measurement. 
The relation between electrometer deflection a and effective 
a.c. voltage P across the electrometer terminals, is almost 
exactly a parabola, and can be represented very closely, for 
normal electrometer thread tensions, by the equation: 


a—5.9x(10^ P 


The relation between the current in the primary of the elec- 
trometer transformer and its secondary terminal voltage is 
approximately linear up to the greatest current values em- 


oL 
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Figure 13—Electrometer response as a function of emf. across receiv- 
ing circuit secondary. 


ployed. The relation between electrometer deflection and 
voltage P. applied at the input transformer of the three 
stage audio amplifier was arrived at experimentally: (1) 
without the resonant circuit, and (2) with the resonant cir- 
cuit back of the first stage. Fig. 12 shows the two curves. 
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The voltage amplification of the audio amplifier (ratio 
of electrometer voltage to the input voltage on the ampli- 
fier) is 77,500 without the resonant circuit, for a—230 scale 
divisions. 

Fig. 13 shows the electrometer deflection a as a function 
of the secondary receiving circuit emf. E., for a wave length 
of 16,500 meters and for average set sensitivity. The curve 
is linear from 20 to 80 scale divisions. The relatively small 
initial sensitivity is unimportant since the deflection can 
always be brought up to at least 40 divisions by changing 
the combined amplification factor. 

Tests of the Overall Accuracy of the Measuring Appara- 
tus. The following tests were made to ascertain the ac- 
curacy of the results obtained with this apparatus. The 


transmitting current of one of the Konigswusterhausen 
transmitters operating at a wave length of 7,200 meters, 
was varied from 4 to 29 amperes at intervals, and without 
the knowledge of the observer. Direct proportionality of 
measured signal strength to transmitting antenna current 
was observed. 

A further proof was undertaken in June, 1923 in coop- 
eration with the Nauen station using a 13,000 meter wave 
length. Since Nauen transmitted its normal power, suffi- 
cient signal intensity was received at Berlin to permit direct 
measurement with a simple collector and current measuring 
device. After making these observations the transmitter 
current was then reduced by a factor of 130, using a 10- 
watt oscillator to excite the aerial, and a measurement made 
with the present measuring equipment. 

The per cent. deviation from the ratio of transmitting 
currents was + 4.29 ~% in the first case, and +4.76 % in 
the second. These errors represent the combined inaccura- 
cies of all measuring devices at both transmitter and re- 
ceiver, for the large and small intensities. This investiga- 
tion served to show that the values of field intensity pro- 
duced by American stations could be measured with this 
apparatus with an accuracy of at least ten per cent. Investi- 
gation has indicated that the average ratios of the received 
field strength and the product of ammeter indication by 
effective height of the Nauen station, as measured in the 
United States independently by Austin, Pickard, and Eng- 
lund, were three to five times smaller than the correspond- 
ing ratios for the Marion and the Rocky Point I and IT sta- 
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tions, as measured in Germany, using the ammeter read- 
ings and the effective heights furnished by the Radio Cor- 
poration of America. 


COMPARISON WITH PREVIOUS METHODS 


The use of a local calibrating oscillator is common to 
all methods for measuring weak fields. With methods in 
Which comparison between the received signal intensity and 
the strength of the local oscillator is made by sound com- 
parison with the telephone receiver, the optimum attainable 
accuracy is of the order of 10 <; if the pitch and quality of 
audio notes remain the same. The accuracy drops markedly 
if the tone used as a basis of comparison is modified by 
non-uniform interfering sounds, especially if the signal is 
broken up by the rhythm of the Morse code, while the os- 
cillator gives a uniform tone free from interference. This is 
the case for the methods employed by Round and by Austin. 
Ordinarily, the comparison oscillator intensity is set too low 
(up to 70 Cc error), as investigations of the author with 
the cooperation of non-partisan persons showed. The 
methods of Vallauri, Pickard, and Englund which employ a 
loop antenna also use a certain amount of interfering sound 
with the comparison oscillator, but it is possible that on 
account of the directional properties of the loop the inter- 
ference emf. component perpendicular to the direction of 
reception does not affect reception. 


Still more unsuitable is the “parallel resistance” method 
of comparison by means of a sound minimum, though this 
method is still used frequently for determining relative 
Sound intensities with a telenhone receiver. The highest 
attainable accuracy for complete absence of interference 
Is + 25 €. The errors which occur in practice are discussed 
by Dr. Baumler in the paper already referred to. 

The thread electrometer used in this method as an indi- 
Cator is so greatly sunerior to the telephone receiver that 
Опе might assume that it was unknown outside of Germany, 
or at least that it had not been employed as yet for the above 
Purpose, On account of the small mass and the high natural 
Period of the moving thread (wire), it is possible to tune all 
“cuits quickly and exactly and to equalize accurately and 
ve lably the energy of the oscillator without tiring the ob- 

"ег, The absence of interference in the calibrating 
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source, a condition which leads to errors of measurement if 
the telephone receiver is used, actually allows of greater 
precision of adjustment when the thread electrometer is 
used. Moreover, outside interference is not marked by an 
increase in deflection, the suspension vibrating non-uni- 
formly about the deflection which would be produced if in- 
terference were absent, so that one can distinguish between 
deflections caused by reception and by interference. The one 
disadvantage of the thread electrometer as compared with 
telephone receiver is the necessity for higher audio ampli- 
fication, two more stages being required. 


An added advantage of the Telegraph Engineering Bu- 
reau method is the possibility of making measurements with 
an overhead antenna without the use of an artificial an- 
tenna, the inexact determination of the constants of which 
might cause errors, and without the complications involved 
in Austin's method. 


In the methods cf Guierre, Vallauri, Pickard, and Eng- 
lund (Friis) there occur difficulties in eliminating undesir- 
able coupling of the oscillator and measuring circuits with 
the aerial or loop, especially with short waves. This defect 
is not present in the methods of the Telegraph Engineering 
Bureau and of Round, because the aerial or loop is dis- 
connected when the oscillator is in the circuit. 


Examined critically, it appears that errors may easily 
arise from failure to take into account capacitative coup- 
ling and the shunting effect of distributed capacity, if the 
mutual inductance of the serial to measuring circuit is de- 
termined from the dimensions of the arrangement, as is 
done in the methods of Vallauri, Guierre, and Round. Still 
larger errors may arise from the use of resistance coupling 
between measurement circuit and loop.* (Methods of Pick- 
ard, Englund, and Austin.) 


The current transformer principle used by the Tele- 
graph Engineering Bureau is satisfactory, simple, and 
avoids the above mentioned disadvantages. Care must be 
exercised to see that the mutual inductance between the 
ground coil Q and the receiver circuit does not exceed the 
allowable values. Still, this need be set but once. 

The difficulties encountered in the development of 
apparatus for measuring weak fields, particularly for short 


*See the paper of Moller and Schrader previously mentioned. 
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waves, are only partly evident from the above discussion, 
and only one who has carried out extensive researches in 
this field learns to know them all. The receiver part of the 
apparatus must satisfy much more rigid requirements 
than the ordinary receiver. The testing of a receiving set 
for suitability of result yielded cannot be carried out too 
carefully. | 


Digitized by Google 


THE FREQUENCY CHECKING STATION AT 
MARE ISLAND 


BY 
. GEORGE T. ROYDEN* 


Interference has always been one of the problems of 
radio communication, and it has become a serious problem, 
with the large number of high power radio stations now 
operating, to keep them from interfering with one another. 
To avoid congestion, a carefully planned allocation of fre- 
quencies to the several stations is made and measures taken 
to maintain the assigned frequency at each station. This 
paper describes the frequency checking established at Mare 
Island Navy. Yard for the purpose of measuring the trans- 
mitted frequencies of naval radio stations extending from 
St. Paul, Alaska, to San Diego, California, as far west as 
Cavite, Philippine Islands, and as far south as Tutuila, 
Samoa. The frequencies transmitted during special test 
periods were measured at the Mare Island Radio Labora- 
tory and the Officer-in-Charge of the transmitting station 
informed so that he might re-tune his transmitter in case 
of an error exceeding one half of one per cent. 

The available methods may be divided into two general 
classes: individual control at the station, and supervisory 
control at a centrally located point in a limited region. The 
frequency meters at each radio station were not entirely sat- 
ISfactory and subject to too great an inaccuracy to be suit- 
able for the purpose of maintaining the frequency constant 
Within the desired limits. Because of the limitations of 
equipment and difficulties of adequate coordination, the 
former method was considered less desirable than the super- 
ViSory control. The radio laboratory at Mare Island Navy 
Yard was designated to undertake this work in the Pacific 
Area, After considerable experimental work a method was 
devised which was sufficiently accurate, reliable, and sensi- 


tive enough to measure the frequency of the more important 
Stations, 


—— 


e - 
Formerly Associate Radio Engineer, Mare Island, Navy Yard; Radio En- 
Кеса neer, Federal Telegraph Company. 

"ved by the Editor February 4, 1927. 
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A primary standard frequency meter of special design 
was constructed and apparatus purchased for calibrating 
it. This frequency meter consisted of two variable air con- 
densers and a set of ten inductance coils. The condensers 
have rigid brass plates widely spaced and mounted within a 
metal case. The fixed plates are supported by three quartz 
pillar insulators. A vernier scale enables the scale to be 
-accurately read to 1 part in 1800. The coils are wound with 
finely divided and insulated radio frequency cable on bake- 
lite tubes 5 inches long and 5 inches in diameter. The table 
shows the number of turns and other pertinent data con- 
cerning these coils. 

The calibration of the standard frequency meter de- 
pends primarily on the accuracy of a steel tuning fork, 
which had been carefully adjusted to 1000 cycles in com- 


Figure 1—Multi-vibrator Circuit 


parison with the standard clock at Paris. To avoid error 
due to a change in its frequency with temperature, this 
tuning fork was kept and used in a room, the temperature of 
which was the same as that when the fork was adjusted. 
The comparison between the tuning fork and the fre- 
quency meter is made in a screened room by means of a 
multivibrator together with an amplifier and a heterodyne 
oscillator. The multivibrator consists of two vacuum tubes 
so connected, Figure 1, that a distorted alternating current 
is produced, illustrated in Figure 2. With such a peaked 
wave form, current will be sustained in a coupled circuit 
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which is resonant to one of the harmonics. The set-up. is 
made as indicated in Figure 3. After the apparatus has 
been operating long enough to maintain steady conditions, 
the multivibrator is set to 1,000 cycles, so that no beats 


ee ~ 


PLATE CURRENT 


| | 


GRID CURRENT 


COUPLING COIL CURRENT 
Figure 2—Multi-vibrator Wave Form 


occur between it and the standard 1,000 cycle tuning fork. 
The frequency meter, which had been approximately cali- 
brated in comparison with a separate standard, is set to 
the lowest harmonic within the range of the meter and the 
heterodyne oscillator adjusted, with close coupling, for a 
convenient beat note. The coupling is then reduced and the 


HE TERODYNE 
MULTIVIBRATOR OSCILLATOR. 


FREQUENCY 
METER 


Figure 3 


condenser varied for maximum: response. This is repeated 
for the other harmonics, as many as 150 having been uti- 
lized without changing the fundamental frequency of the 
multivibrator. | | | | 

This method gives a calibration point for each 1000 
cycles, but with slight modifications, it is possible to obtain 
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intermediate points. With close coupling between the het- 
erodyne and multivibrator coils, the heterodyne is set at a 
frequency approximately midway between two harmonics, 
say the 14th and 15th. If set to 14,510 cycles there will re- 
sult two audible beat frequencies, 510 and 490 cycles, which 
beat with each other. When adjusted so that this double 
beating does not occur, the heterodyne oscillator frequency 
is exactly 14,500 cycles. This can be transferred to the 
frequency meter by the grid reaction method or by noting 
the disturbance in the telephones when the frequency meter 
reaches resonance with the oscillator. 


1000 ^» 
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Figure 4 


When this work was first undertaken, the frequency of 
a distant transmitter was measured by adjusting the hetero- 
dyne oscillator to zero beat note and then obtaining its fre- 
quency by the grid reaction method. This was not satisfac- 
tory because the silent period was fairly broad and easily 
obscured by interference, especially with weak signals. An- 
other method used the sharply tuned standard frequency 
meter to increase the coupling between the primary and 
secondary circuits of the receiver. This was better but was 
abandoned in favor of a still more satisfactory method, in 
which the oscillator is adjusted to give a beat frequency of 
approximately 1,000 cycles which in turn beats against a 
1,000 cycle tuning fork oscillator. The tone trap, compris- 
ing an inductance coil and condenser in parallel with the 
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telephone receivers, serves аз a means for adding the 1,000- 
субе current from the tuning fork oscillator, increases the 
selectivity, reduces interference and facilitates adjusting 
the beat frequency to 1,000 cycles. Figure 4 illustrates the 
set-up. A very important advantage of this method is the 
check afforded by two independent observations, made with 
beat frequencies 1,000 cycles above and below the incom- 
ing frequency, which should be 2,000 cycles apart. 

Another method is mentioned, originating in Europe and 
used at the Riverhead receiving station of the Radio Cor- 
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Figure 5—Frequency Meter Resonance Curve 


Poration of America, in which the frequency meter is con- 
nected with the coil and condenser in series as one arm of a 
ridge network, the other bridge arms being resistances. 
he signal is conducted to opposite terminals and the re- 
ceiver connected to the other two. After tuning in the sta- 
tion the frequency meter is varied for minimum signal and 
the bridge arms further adjusted for a null point. A read- 
Justment of the frequency meter balances the bridge net- 
Work and indicates the desired frequency. Being a direct 
Method, this permits great accuracy, but weak signals may 
Obscured by interference. 
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The accuracy is dependent on the sharpness of resonance 
of the frequency meter and to some extent on maintaining 
the accuracy of the standard tyning fork. The resonance 
curve, Figure 5, with the coil for the 20-kilocycle range in- 
dicates that the band over which the frequency meter may 
be varied for a 1 % change is.approximately 20 cycles. This 
should make it possible to determine the frequency within 
say 10 cycles for a single determination and say 8 cycles 
when several observations are.averaged. Counting the cali- 
bration error it is not likely that the average of two obser- 
vations will be in error greater than 15 cycles or better than 
0.1 %. Repeated observations have demonstrated that such > 
an accuracy with this method is easily obtained. 

When measuring the frequency of a spark transmitter 
or а vacuum tube set with alternating current plate supply 
the 1,000-cycle oscillator is not used and the heterodyne beat 
note adjusted first to zero and then to beat with the modu- 
lation frequency, adjusting the oscillator frequency both 
above and below the incoming frequency, giving three ob- 
servations, which are averaged. 

This system has been in use for about five years, regular 
tests being held each month, and has been of material assis- 
tance in mitigating the interference problem in the Pacific 
region. > 


COIL DATA 
PRIMARY STANDARD FREQUENCY METER 
Coil Wire Size Turns : Inductance Resistance R.F.’ 
No. B. &. Hy. D. C. Ohms 
A 3x11x10 30 7 0.0000063 0.012 Dei 
B i т 11 0.000018 0.020 
C T : 23 0.000057 0.041 sed 
D 3x 3x16 38 39 0.00016 0.28 0.81 
E 3x 3x16 38 65 0.00050 0.45 1.06 
F И М 110 0.0015 0.83 1.7 
G 2x 3x16 " 198 0.0045 3.0 4.4 
H 3x16 ^" 339 0.013 6.8 9.0 
1 " Y 559 0.041 12.6 15.5 
J 973 0.111 25.2 48.5 


*Determined with a tuning capacity of 0.002 mfd. 


DISCUSSION ON 
THE OUTPUT CHARACTERISTICS OF AMPLIFIER 
TUBES (WARNER AND LOUGHREN) Ж 


E. Green: I have read with great interest the above 
paper in the Proceedings of the Institute of Radio En- 
gineers for November 1926, as 1 have myself written an ar- 
ticle on somewhat similar lines entitled “Тһе Use of Plate 
Voltage Plate Current Characteristics in Studying the Ac- 
tion of Valves", which was published in "Experimental 
Wireless’ for July and August 1926. 

My object in writing to you is to point out that Captain 
H. J. Round has recognized the value of sucn characteris- 
tics for combining the characteristics of the valve and that 
of the output circuit to determine the behaviour of the com- 
bination. In the Journal of the Institution of Electrical En- 
gineers for March, 1920, there is a paper by Captain H. J. 
Round on "Direction and Position Finding", and as Appen- 
dix 2 of this paper he dealt with the case of a simple resis- 
tance amplifier by means of plate current plate voltage 
Characteristics. As far as I know this is the first published 
description of such use. In 1923 he explained the method 
to me, and realizing that it might be of value to others I set 
myself to write out, and to some extent apply, his method to 
Various cases. The resulting article was accented by the 
Editor of E. W. and W. E. in November 1924, but was not 
Published until July and August, 1926. I am forwarding 
Copies of this for reference. 


DISCUSSION ON 
SIMPLIFIED S-L-F AND S-L-W DESIGN (0. C. Roos) 


| R. R. Batcher:* It seems strange that an article contain- 
Ng this excellent analysis of S-L-F condenser design meth- 
ods should contain such a statement as the following, “The 
-F plate has its lower frequencies crowded together on 
the j Initial dial divisions." This statement is at variance with 
© very definition of an S-L-F condenser, the basic idea 


Шоп which this type of plate was initially advanced. This 
apenas 
^ R, Grebe & Co. Inc. 
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statement, however, is not new; it has been advanced for 
over a year as a sort of alibi by several manufacturers who 
have found that a true S-L-F condenser requires plates with 
a large swing so that it is difficult to manufacture accur- 
ately due to the large relative bulk for a given capacity. Be- 
fore the advent of S-L-F condensers upon receivers, three 
years ago, the public had been used to having long wave sta- 
tions separated at least five degrees for each myriacycle. 
After S-L-F condensers, all stations are separated equally, 
if true S-L-F operation is obtained. If this separation is 
sufficient for accurate manipulation of the dials on high fre- 
quency stations, it will always be enough on the iow fre- 
quency stations. | 

It must be remembered that there is only a definite 
amount of dial space available. Assuming 100 dial divisions 
and 100 stations spaced equidistant on the frequency scale, 
there will be one station per degree. It is easy to set a dial 
manually to an accuracy of !4 degree on any part of the 
dial. 

Now assume that the hybrid condition of condenser plate 
as outlined (in Fig. 6 loc. cit.) has the same total area. Using 
the values set forth at the bottom of page 777 it is seen that 
we have crowded 80 stations in the S-L-F portion of the 
dial, i. e.—in approximately 42 dial divisions, or about one 
station every 1% division. We have actually thus crowded 
about 75 per cent. of the total number of the wave bands 
into half of the normal space. On the other hand we have 
allotted 105° to 28 wave bands or 28 stations to 58 dial 
divisions, or approximately one station to two divisions. 

It can be stated that S-L-F design for condensers over 
the whole range is the only true and scientific method as 
long as stations are ma’ntained in the present bands. 

I devised a universal formula a number of years ago that 
will permit S-L-F operation over all or over any portion of 
the dial. It is necessary to know the same quantities out- 
lined in the above article: the wavelength range desired 
(X) and the minimum capacity of the circuit (including 
that anticipated due to the condenser itself), also the maxi- 
mum desired radius of the plates (pn). 

This formula is:— 


i а 


i TE M + po 
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The formula for factor K has been worked out but in 
general it is found by substituting for p= the maximum 
radius desired and 6=100 (note 0 bears values from 0 to 100 
corresponding to dial divisions) and solving for K. 

Should occasion arise where S-L-F operation be desired 
over any portion of the dial it is only necessary to use the 
actual wavelength range for that portion in determining 
X and to assume 6 refers to this dial section only. 

It should be noted that it is to the designer's advantage 
to accurately determine the minimum capacity C, before 
starting, since a much greater plate area for a given rotor 
radius is obtained when C, is considered. Apparently a 
number of so-called S-L-F condensers were designed with 
this factor neglected, judging from the resulting plate 
shapes obtained. 


. О.С. Roos: Mr. Batcher deserves my thanks for, “light- 
ing” on the apparent slip—"'The S. L. Е. plate has its lower 
frequencies crowded together in the initial dial divisions". - 
Of course this statement was meant for the generally manu- 
factured "parts" condenser used by both radio telegraph 
Workers and B. C. L. I meant to specify that when used at 
waves longer than 547 meters there would be crowding at 
“lower (than broadcast) frequencies etc". The intent is 
rather obvious in view of my analysis of S.L.W. design. 

Regarding Fig. 6 of my paper this was in no wise in- 
tended for a practical case but simply as an illustration of 
the mechanism of designing procedure. Manufacturers and 
engineers nowadays often illustrate dimensions of their 
"machinery" without giving literal transfers of the con- 
stants used. The method is the thing and longer than broad- 
cast waves were purposely included in Fig 6 to include 
"Parts" condensers, which cover a wide range of use. 

Mr. Batcher's formula resembles that of H. C. Forbes 
and like it fails to indicate the bearing of the physical fac- 
tors by simple inspection. The ability to do this is the chief 
advantage aside from the saving of time inherent in my 
Procedure and formulas. 

anufacturers who use gang condensers with uni-con- 
trol Must not use auxiliary condensers to correct coil errors 
and COnsequent failure to start off with all frequencies syn- 
toni zed. The only possible remedies are either accurate 
duplication of inductances in all respects or else a reduction 
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of range by turning the defective-stage condenser to a new 
starting point, thus reducing the range on the other stages. 
The auxiliary capacitances must not be touched however ; 
since so-called “trimming” condensers, as such, are taboo. 
They “trim” the public—that’s all. 

As I am showing in other papers, digging into this sub- 
ject, we must reduce the "separation" problem between sta- 
tions to one of the relation between the dial detuning inter- 
val—D.D.I.—which reduces our resonance current by a 
given fraction—say 90 per cent., and the “dial spreading’’— 
D.S.—which I define as the dial movement between stations 
divided by their frequency-change or practically the first de- 
rivative of dial movement in terms of frequency. 

I have derived some interesting laws covering the four 
classes of commercial plates now used, S.L.F., E.L.W. (Ex- 
ponential line wavelength, as in the Kolster Decremeter) ; 
S.L.W. and S.L.C. 

Thus both the D.D.I and the D.S. vary as follows: 

The D.D.I. and D.S. in S.L.F. are constant 

The D.D.I. and D.S. in E.L.W. о A 

The D.D.I. and D.S. in S.L.W. œ X 

The D.D.I. and D.S. in S.L.C. с: А 

Here it is easily seen that the S.L.F. shave for broadcast 
frequencies which are equally spaced, is better than the 
famous E.L.W. or erroneously so-called Duddell “logarith- 
mic" plate. Not only is the D.D.I constant all over the S.L.F. 
scale,—if the resistance is assumed by balancing of con- 
denser and coil effects to be constant—but even if it varies 
as the frequency—as Bur. of Standards Bulletins indicate 
for some single larger coils,—the D.D.I. tends to a constant 
percentage of the scale reading throughout the scale and 
give what the E.L.W. could not give except by simultaneous 
coil and condenser variation! 

Even if we could arrange our broadcast stations so that 
the next higher station frequencies were say, 102 per cent. 
of the last, we could not, employing a E.L.W. condenser and 
variable L, equal the performance of the S.L.F. plate 
with its practically fixed L. and fixed D.D.I. Many have 
dreamt about such a change but it has no practical foun- 
dation. 

Note that all four types of condensers have with “flat” 
resistance characteristics, the same relative immunity from 
interference between stations. As the "Dial Spreading" 
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varies so does the "Dial Detuning Interval" for all. Where 
they differ is in their power of spreading the stations them- 
selves, so the manufacturer who wants to cover both the 
longer wavelengths and the broadcast band, must not only 
shift his coils, he must change his calibration. He will of 
Course narrow his range and have only say 218 to 526 
meters or even less. | 

It is easy to design an E.L.W. plate from a series of small 
S.L.F. or S.L.W. segments which step-by-step change their 
constants as we proceed from those covering the broadcast 
band to the longer waves. I have a paper on this subject 
which will shortly appear, but we “must break eggs to have 
an omelette” and our range must suffer as we "spread" sta- 
tions. There seems no way out of it. 


In conclusion, I believe Mr. Batcher’s final paragraph is 
too meticulous. It should be precised as a well known first 
consideration among designers. He says “it is to the de- 
signer’s advantage to accurately determine the minimum 
capacitance C, before starting; since a much greater plate 
area for a given rotor radius is obtained—" This may with 
Justice imply that the number of active dielectric "spaces" 
between rotor and stator should not be too great. We might 
leave too narrow a margin of constancy in C, for the ad- 
Justable auxiliary calibration condenser (A.A.C.C.) to auto- 
matically compensate by its tested adjustment, the stray 
capacitances which may vary, through tube changes. Small 
plates tend in addition to a less constant value of stray flux 
With rotor movement than do large plates, but we have 
nevertheless assumed a constant stray flux, in all design 
methods. 

In implying large plates he is adumbrating a critical 
condition of design when they become small; since for a 
given value of C, and of calibration range, his number of 
dielectric spaces or double the number of rotor plates varies 
inversely as the square of his maximum radius i.e. reducing 

IS from say 2.5 inches to 2.00 inches would increase the 
number of his rotor plates about 50 рег cent. Machine shop 
studies have shown the best compromise between these fac- 


With results that dictate the proper range of values 
or 


Oe 


However, I may have misunderstood the more direct im- 
th ‚ОЁ Mr. Batcher’s last paragraph, which may mean that 
: Shape” of the S.L.F. or S.L.W. plate is dependent on 
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something except the total turning angle (assumed 180 de- 
grees or constant) and the range. 

Assuming his “given rotor radius" to equal either the 
maximum or minimum radius permissible, his statement 
“that the designer should accurately determine the mini- 
mum capacitance C, before starting; since a much greater 
plate area for a given rotor radius is obtained when C, is 
considered............ a number of so-called S.L.F. con- 
densers were designed with this factor neglected, judging 
from the resulting plate shapes obtained", is not a final 
criterion of design ; since to assume a maximum rotor radius 
is the only safe procedure and will give a perfectly definite 
minimum or “zero” radius. If this radius is too small we 
must increase our maximum by redesigning. "There's no 
other way out; as my range equations clearly show. 

On the other hand if we follow Mr. Batcher's advice and 
start with the minimum or "zero" plate radius, in most 
cases we have too great a maximum radius and must rede- 
sign or use less than 180 degrees in our plate. The only dif- 
ference lies in the fact that in the latter case we have fewer 
large plates and in the former more small plates, though 
the number of plates will not generally differ by more than 
10 per cent. The question of the constancy of C, during the 
rotor movement determines the choice. 

The latter part of his statement about the shape of the 
plates is erroneous if it implies that all actual S.L.F. seg- 
ments for a given range are not "similar" geometrically, no 
matter what the value of C,. Probably he referred to de- 
signs which showed no knowledge whatever of the effect of 
C, in the design, in which case I quite agree with him. 


Paul M. Mueller: I have read Mr. Roos' paper on con- 
denser designs appearing in the December issue and hasten 
to congratulate him on a very able presentation. 

To augment his treatment of this problem I should like 
to call attention to some work on this same subject which 
I did about two years ago and which I published under the 
title "Tuning Tricks" in the August, 1926 edition of Q. S. T. 

In this article, which was written primarily to show a 
method of properly balancing gaged multistage condensers, 
I brought out the fact that the polar area, approaching the 
origin and below zero of the dial must either be represented 
by stray capacitances in the circuit or by a small adjusta- 
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ble auxiliary condenser. I then developed a design in which 
this neglected polar area was purposely made greater than 
the strays encountered in the usual circuit and outlined a 
graphical method for determining the proper adjustment 
of the auxiliary condenser to bring the total capacitance of 
the circuit up to the design value. Following this argu- 
ment I was able to construct single control sets which func- 
tioned remarkably well throughout the entire change. 

In this same article I indicated a method which is gener- 
ally applicable for the design of condensers and which has 
some marked advantages, since determination of the plate 
generators follows mathematically when the five major 
considerations have been decided. 

When one has decided upon 

1. Minimum wavelength 

2. Maximum wavelength 

3. Type of tuning 

4. Maximum stray capacity per stage 

5. Thickness and type of dielectric 


all of which are independent and empirical the following 
equations are applicable and lead to a concise result with- 
out recourse to “rule of thumb” methods. 

Assume that the calibration must satisfy the condition 
that the rate of change of wavelength is proportional to the 
wavelength. (This calibration is intermediate between 
S.L.F. and S.L.W. and gives a more desirable station dis- 
tribution than either of the more common methods.) 


y=y.t® satisfies the condition .................. (1) 
Substituting and rewriting the terms of capacity 
C—C.,a* КК eter aah ICA a EORR ELA Gt oce, oar qos ^ d ob rod dete (2) 


The total circuit capacity C is made up of the geome- 
trical capacity C; plus the phantoms or strays and may be 
expressed thus: 


C—Ca4-C, & * 6 € 9 ө ө ө e ө ө э э э ө ө ө э ө ө ез э ө е ө э ө ө ө э ө ө э ө ө е (3) 
subst. in equation 2 
Cos De Leto ente bs SESS es (4) 


Now the geometric capacity is a function of the en- 
gaged area A of one plate 
thus САС oo dads uS teeta ieee es (5) 


Subst. (5) in (4) 
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СОН 6 
But A—1 f. em Ur m (7) 
2 о 


which is the general ед. for area in polar coordinates differ- 
entiating in terms of 6 and combining 


dA Сез 1 
da ==2 ү * logy а= ( p? —7) 
or 
(yes; a=(p*—r*) 


or 


к (F ) O09 es WT esee (8) 


If r or the inner radius of the rotor is constant as is 
usual we now have the outer generatrix in terms of the dial 
setting 0 modified by the design constants phantom capacity 
C,, dielectric f, and calibration a. 

The shape of the condenser plate is now completely de- 
termined and we need only to design the inductance from 
the formula А, VLC, to fulfill the five major conditions 
and complete the problem. 

It will be noted, since we have already considered the 
strays, that the numerical value of L is the pure or theoreti- 
cal quantity which can be nicely established by mechanical 
measurement. 


DISCUSSION ON 
THE CORRELATION OF RADIO RECEPTION WITH 
SOLAR ACTIVITY AND TERRESTRIAL 
MAGNETISM (G. W. PICKARD) 


J. H. Dellinger: Mr. Pickard's paper marks a definite 
step in advance in our knowledge of the mechanism of 
radio transmission. It is not generally appreciated to what 
an extent this question of radio wave vagaries is the out- 
standing problem of radio engineering at the present time. 
It is not too much to say that this subject is the major and 
tvpical subject of the present era of radio development. 
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Last week Dr. Pupin gave an address, as Retiring Presi- 
dent of the American Institute for the Advancement of 
Science, on the subject of “Fifty Years’ Progress in Electri- 
cal Communication." It is well for us to stop and realize 
that radio has been with us thirty of those fifty years. It 
was indeed just thirty years ago that the pioneer experi- 
ments of Marconi gave radio to the world. Broadly speak- 
ing, the radio era can be said to have had its beginnings at 
the commencement of this century, and the first three de- 
cades of the century are marked by distinct stages in its 
progress. The first decade (1900 to 1910) was the period 
of conquest of distance. Starting with a few miles and with 
the crude spark gaps and coherers of those days, the few 
pioneer radio engineers struck out in every direction for 
improvements, and by one ingenious means after another 
succeeded in steadily increasing the distance of communi- 
cation. By the end of the decade radio had reached its goal 
of communicating to any desired distance on the earth's 
surface. There was a beginning of radio telephony but it 
was of a crude sort, and the real achievement of the decade 
was the establishing of radio telegraphy as a successful ser- 
vice. 


The second decade was the period of development of the 
electron tube. Beginning with it as a low-power and im- 
perfect device, it was steadily improved and made to handle 
higher and higher power. Its possibilities for the realiza- 
tion of radio telephony were steadily developed with the 
result that at the end of the decade everything was in readi- 
ness for broadcasting to make its appearance. This made 
radio an everyday necessity to a large fraction of the 
world's population. 


Did it remain for the third decade of the century, the 
one in which we now are, merely to go on with minor im- 
provements and refinements? Not at all. In spite of the 
perfection of transmitting and receiving apparatus, radio 
engineers and the public have been surprised to find that 
radio reception is far from perfect. We have no cure for 
fading, atmospheric disturbances, wave direction shifts, and 
other forms of interference and disturbances of reception. 
At the beginning of the decade we did not even know what 
caused them. There was very little information as to the 
laws of their behavior, much less of the laws of their pro- 
duction. For those scientists and engineers who are con- 


328 Discussion on Correlation of Radio Reception (G. W. Pickard) 


cerned with fundamental progress, this subject of wave 
vagaries was clearly a problem which had to be met and so 
it has remained. 


Gratifying progress has been made and it may even be 
hoped that this decade may close with some generalization 
or climax of achievement in this field which will elevate 
radio to a new plane of service comparable with the arrival 
of broadcasting at the end of the last decade. The outlines 
of the mechanism of radio wave vagaries are now being dis- 
cerned. It is still too early to give a positive explanation of 
the causes and characteristics of such things as fading and 
atmospheric disturbances, but there are a number of ele- 
ments in the solution which are now well established. Num- 
erous investigators have been doing pioneer work and 
assembling much valuable data giving the characteristics 
of fading, wave intensities, atmospheric disturbances, wave 
polarization, etc., as a function of various conditions such 
as time of day and year, frequency, weather, distance, topo- 
graphy, terrestrial magnetism, etc. Among the numerous 
things that stand out as a result of this work, one conclu- 
sion of interest, is that there is no important correlation 
between radio conditions and weather. Among the prin- 
cipal elements of the new knowledge are the role of the 
ionized upper portions of the atmosphere and the phenom- 
ena of very high frequencies. At the beginning of the 
decade the high-frequency phenomena were non-existent 
either in the activities or the thoughts of radio engineers. 
The theories of wave behavior were fairly simple and con- 
sistent for frequencies from the lowest to the highest then 
used. The work done during the past few years at fre- 
quencies from 2000 to 20,000 kilocycles has revealed a new 
world of wave behavior not fitting in with previous knowl- 
edge or theories at all. While introducing complications 
and inconsistencies with wave actions at other frequencies, 
the high frequencies have nevertheless introduced a vast 
amount of new information. 


It is not my purpose in a discussion of this paper to give 
a summary of the knowledge of radio wave phenomena as 
it stands today. I would like to point out, however, that tne 
correlation which Mr. Pickard has established is a major 
contribution to this picture of the radio wave mechanism 
which is now being assembled. How fruitful it will be to 
have this demonstration that the variations of electrical 
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condition on the sun give rise to some of the characteristic 
radio wave variations, only time can tell. It can certainly 
be concluded that it will give a new impetus to further 
Studies and analysis not only of radio wave phenomena but ` 
also the phenomenon of related sciences such as terrestrial 
Magnetism and astrophysics. 


DISCUSSION ON 
IMPORTANCE OF LABORATORY MEASUREMENTS 


IN THE DESIGN OF RADIO RECEIVERS 
(W. A. MACDONALD) 


H. D. Oakley and Norman Snyder:* Mr. MacDonald says, 
“It is obvious that an exact knowledge of the individual and 
over-all characteristics of a radio receiver should be accur- 
ately known, yet experience shows that may manufacturers, 
including some of the largest, are practically unaware of 
the exact performance of the apparatus they produce". 

We are ignorant of the facts upon which the second part 
of this statement is based, but agree, heartily, with the first 
part. Now inasmuch as Mr. MacDonald has put on record 
an accusation against many manufacturers of radio receiv- 
ers and in his paper has dealt with the measurement of 
characteristics of individual units of a receiver, and not at 
all with the measurements of over-all characteristics of re- 
ceivers, the manufacturers should be permitted, and should 
consider it their duty, to make a proper reply. 

We should like to describe briefly the apparatus used by 
the General Electric Company for making tests on radio re- 
celvers, the quantities measured, and the method of test. 

The testing equipment consists of two shielded rooms, 
a signal generator, voltage attenuating device, and an out- 
put voltmeter. In one of the rooms are the signal generator 
and input controls of the attenuator. In the other room 
are the attenuator, dummy antenna, (not used in the case 
of loop sets) receiver to be tested, and output voltmeter. 
These rooms shield both the testing equipment and the re- 
ceiver from external disturbances and also prevent the sig- 
nal generator from affecting the receiver except through the 
attenuator. The signal generator is a miniature broadcast 
transmitter employing the Heising system of modulation, 


——— 


"Of the General Engineering Labcratory of the General Electric Compe.-y, 
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and consists essentially of an audio frequency oscillator 
with a range of from 20 to 10,000 cycles, a radio frequency 
oscillator with a range of from 550 to 1500 К. c., a modula- 
tor, a radio frequency power amplifier, and a device for 
measuring the degree of modulation. The attenuator con- 
sists of a special form of inductor, the current through 
which can be adjusted to produce in the output of the in- 
ductor a known value of voltage. The output voltmeter is 
a device for measuring the effective value of audio fre- 
quency voltage existing across the output of the receiver. 

Mr. MacDonald has described various tests made on 
individual parts of receivers, and since during the develop- 
ment of receiving apparatus this company makes similar 
tests, the tests described here will be those dealing with 
over-all characteristics, alone. 

The tests and results to be described do not necessarily 
conform to our latest practice in investigating over-all 
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Figure 1 


characteristics, but are representative of what has been and 
is being done in this class of measurements. 

The quantities measured are See selectivity, 
radiation, and quality. Figures 1, 2, 3 and 4 show the re- 
sults obtained from tests made on a well known make of 
broadeast receiver. The circuit of this receiver consists of a 
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two stage tuned radio frequency selector amplifier, detector, 
and two stages of transformer coupled audio frequency 
amplification. 

If the receiver is designed to operate with an antenna, 
it is connected to a dummy having characteristics similar 
to those of an average broadcast receiver antenna, and in 
the ground side is inserted the output of the attenuator. If 
tests are to be made on a loop type receiver, the dummy, of 
course, is not used, but the low side of the loop is opened 
and the output of the attenuator inserted. The output of the 
receiver is connected to an RCA model 100 loudspeaker 
across which is the output voltmeter. 


Figure 2 


Sensitivity measurements are made in this way. The re- 
ceiver is tuned to some frequency within the broadcast 
band, and the signal generator is adjusted to give an out- 
put modulated 50% with a modulation frequency of 1000 
cycles. The voltage induced in the input of the receiver 
(antenna of loop circuit) is increased in steps and at each 
step the corresponding output voltage is recorded. The 
test is continued until a point is reached where the grid of 
one of the receiver tubes (usually the second audio) starts 
to nass current. This is considered the operating limit of 
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the set, since beyond this point distortion occurs. Dividing 
the voltage induced in the input by the effective height of 
the dummy antenna, or of the loop, the field strength is 
obtained. A plot of field strength against corresponding 
output voltage is one form of sensitivity curve. Another is 
sometimes preferred. This is a plot of sensitivity in meters 
against output voltage. The unit of sensitivity is called the 
meter and is defined as one volt output per one volt per 
meter input. Figures 1 and 2 illustrate sensitivity curves. 
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For selectivity measurements, the frequency of the sig- 
nal generator is changed in small steos (maintaining the 
modulation frequency and degree constant) and at each step 
the frequency and also the input voltage, to receiver, re- 
quired to maintain constant some value of output voltage 
are recorded. А plot of field strength against frequency is 
the selectivity curve. From it may be obtained directly the 
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field strength an interfering station must have to produce 
a signal equal to the desired one. Knowing the response 
law of the receiver and the field strength of an interfering 
station, the signal strength may be indirectly determined. 
Figure 3 shows the selectivity curves. 

The method of making radiation measurements is mere- 
ly indicated here because a description of it would be 
rather long. The receiver produces an effect upon an in- 
dicator. The source of radiation is then replaced by a device 
having known characteristics, and a current flowing 
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Figure 4 


through it is adjusted so that the effect produced upon the 
indicator is the same as before. The radiation as determined 
from these tests is expressed in meter amperes. The par- 
ticular receiver, whose characteristic curves are shown 
here, had no oscillator, nor could any of its circuits be 
made to oscillate, so of course no radiation could be mea- 
sured. 

The test for quality shows the discrimination of the re- 
ceiver as a whole among the frequencies within the audible 
range, and does not show the presence of distortion due to 
the introduction of harmonics by the receiver itself. The 
test consists of maintaining a constant input to the receiver, 
at a constant carrier frequency and constant degree of 
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modulation, but the modulation frequency is varied from 40 
to 10,000 cycles and the output voltages at the different 
frequencies are recorded. The results are plotted as output 
voltage in per cent. of output voltage, at some one fre- 
quency, against frequency. The drooping of the low fre- 
quency part of the curve is practically all due to the audio 
transformer and loudspeaker characteristics. The drooping 
of the high frequency end is due partly to the detector cir- 
cuit, partly to the radio frequency circuits tuning too 
sharply, and partly to some effect in the audio frequency 
amplifier. Figure 4 is an example of over-all quality char- 
acteristics. 


J. H. Dellinger: The discussion of this paper at the 
Convention indicated some difference of opinion as to the 
relative desirability of overall measurements vs. measure- 
ments of components of the receiving set. Mr. MacDonald’s 
paper omits overall measurements entirely and in justifica- 
tion of his position I wish to point out that his subject has 
to do with measurements for design purposes. There are at 
least three different purposes for receiving set tests, and 
it is altogether likely that the appropriate tests should be 
different depending upon which purpose is in view. These 
three different types of receiving set measurements would 
be those for—(a) the design of sets; (b) factory inspection 
tests of output; (c) tests suitable for the comparison of 
one receiving set with another. I assume that every re- 
celving set manufacturer has an engineer whose duty it is 
to consider receiving sets from the last point of view. From 
the standpoint of the set user this is the most important 
type of receiving set test. 


This subject is under consideration at the present time 
by the Receiving Sets Subcommittee of the Standardization 
Committee. This subcommittee has taken as its task of first 
importance the laying down of overall test methods, on the 
idea that methods which permit discrimination between the 
sets on the basis of final performance are most easily sub- 
ject to standardization. While recognizing fully the diffi- 
culties of overall tests and the necessity of extremely care- 
ful specification of the conditions of operation of a set dur- 
ing such tests, it was nevertheless thought possible to ren- 
der a useful service in standardizing testing methods by 
which one set could be compared with another. It seems 
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much less likely that design tests or factory inspection tests 
could be standardized to advantage, since the designing 
engineer or production manager of any given manufacturer 
might be hampered rather than hindered by the endeavor to 
follow a standardized type of test. I wish to mention here 
the present ideas of the receiving set subcommittee in order 
to place the matter before the Institute for discussion and 
to gain for the subcommittee the advantage of criticism 
which any member may care to offer. I would be very glad 
to receive criticisms or suggestions from any Institute mem- 
ber or reader of the Proceedings. 

The subcommittee has adopted tentative definitions of 
three overall characteristics, namely, sensitivity, selectivity, 
and fidelity. These are measured by the aid of a generator 
producing radio-frequency voltage of controllable modula- 
tion together with a means of measuring audio-frequency 
voltage across the output terminals of the set. In the fol- 
lowing tentative definitions numerical values are to be in- 
serted later for the quantities indicated by the letters 
8,t, и, v, W, £, y, and z. 

Sensitivity.—Sensitivity is quantitatively defined as the 
ratio of the power output to the radio field intensity input 
measured as follows: Radio-frequency voltage, modulated 
s% at t cycles, is induced in the antenna if the receiving 
set includes one, otherwise in an artificial antenna consist- 
ing of a series arrangement of a capacity of « micromicro- 
farads, an inductance of v microhenries, and a resistance of 
w ohms. A curve is plotted of which the abscissas are the 
carrier frequency from 550 to 1500 kilocycles, and the or- 
dinates are the radio field intensity in millivolts per meter 
required to produce x watts in a noninductive resistor con- 
nected across the receiving set output terminals (usually 
the loudspeaker terminals), the resistance of the resistor 
having been adjusted to give maximum output power. When 
the artificial antenna is used, radio field intensity is calcu- 
lated from an assumed antenna height of y meters. The 
value of sensitivity for any one frequency is x divided by 
the ordinate of the curve for that frequency. The complete 
expression of sensitivity is the entire curve. 

Selectivity.—Selectivity is expressed in terms of the 
frequency separation and the ratio of voltages produced 
across the output terminals, at and off resonance. It is 
not expressible by a single numerical value but requires one 
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ог more curves for its expression. It is measured by the: 
same apparatus used for the sensitivity test. With the 
apparatus adjusted for the same input voltage, modulation 
frequency and percentage, and output resistance, as in the 
sensitivity test, the frequency of the source of voltage is 
varied without changing the receiving set tuning. The dif- 
ference of frequency from resonance and the corresponding 
output voltage are observed. Pairs of curves are plotted, 
one of each pair for above resonance and the other for 
below resonance. Selectivity can be considered as expressed 
by any of three sets of curves, as follows: 

1. Pairs of curves, taken at 550 and 1500 kilocycles and 
at any frequency between these two at which the selectivity 
is greater or less than at either extreme frequency, the 
curves having as abscissas the frequency separation from 
resonance in kilocycles, and as ordinates the ratio of output 
voltage across the output terminals at each frequency sep- 
aration from resonance to the output voltage at resonance. 

2. A pair of curves, one for above and one for below 
resonance, having as abscissas the carrier frequency from 
550 to 1500 kilocycles, and as ordinates the frequency sep- 
aration from resonance at which 1/2 of the output voltage 
at resonance is produced by the same input voltage as pro- 
duces x watt output at resonance. | 

3. That one of the two curves of paragraph 2 which 
shows the poorer selectivity. 

Fidelity.—Fidelity is defined as the accuracy of repro- 
duction at the receiving set output terminals of the modula- 
tion of the received wave. I+ is expressed by two or more 
curves, having as abscissas the modulation frequency from 
30 to 10,000 cycles, and as ordinates the ratio of volts out- 
put at the modulation frequency of t cycles to output voltage 
at the modulation frequencey of measurement, both at s% 
modulation. | 


Harold A. Wheeler: Several of the points mentioned 
in the above paper, or in the discussion which followed 
its presentation, seem sufficiently interesting to warrant 
further discussion. 

Reduction of Sidebands in a Radio Frequency Amplifier. 
In a tuned radio frequency amplifier, the selectivity 1s some- 
times so great that there is a reduction in the amplitude of 
the outer sidebands carrying the modulation at the higher 
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audio frequencies. This effect is proportional to the ratio 
A, /A, of the voltage amplification of the sidebands to that 
of the carrier, and is equivalent to only a reduction in the 
degree of modulation at the audio frequency in question. 
Take the modulated wave of voltage e in the antennas of 
the transmitting and receiving stations, 
e—e,(1-|-m cos et) COS wel. . 


=e, (COS w,t-+- i COSo, Ё) + k COSws t), 


in which w, =—w.—wm and ws = wt wm 
o,—angular frequency of modulation, and 
o,—angular frequency of carrier. 

In general, when the amplifier is tuned to give maximum 
response at the carrier frequency, the ratio A, /A, is less 
than unity, and there is a "symmetrical" phase displace- 
ment of the sidebands. That is, the two sidebands have equal 
but opposite phase displacements 6,—0. Then the wave form 
delivered from the amplifier is 


e—e,[A.cos „РА, . v cos(w,t+6)+A, . > COS (o, t—0)] 


=Á e [1 mcos (omt—0)] cos wt 
where m'—m . A,/ A.. 
Therefore the principal effect is a reduction of the degree of 
modulation. | 

This is not accentuated їп a detector whose response is 
proportional to the square of the applied voltage, since the 
modulated response is then proportional to the product of 
the carrier and sideband amplitudes, not to the square of 
the sideband amplitudes. 

The phase displacement of the modulation is not de- 
tected by the ear, but is interesting in that it is the result 
of the “inertia” of an oscillating circuit. That is, there is an 
Opposing reaction to any change in the amplitude of oscilla- 
tion. For example, the time constant of equilibrium for os- 
cillations in a simple series circuit (L, С, №) is 21, / Р. This 
corresponds to the time constant L/R for direct current in 
the simple inductive circuit L, R. 

Reduction of High Aud:o Frequencies in a Detector. In 
the detector of Fig. 1, the grid condenser (C) requires some 
time to charge or discharge, which causes a discrimination 
against the higher audio frequencies of modulation. This 
effect can be reduced to a minimum by making C as small as 
possible without materially reducing the radio frequency 
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voltage on the grid. Reducing the resistance (1//g) of the 
grid leak has a similar advantage, but results in a material 
decrease in sensitivity to weak signals, accompanied by a 
material reduction of selectivity in the case of a tuned grid 
circuit. | 

It is generally immaterial whether the grid leak is 
connected to the positive filament terminal directly or 
through the coil, since any radio frequency current in the 


Figure 1 


grid leak is ordinarily very small as compared with that in 
the tube grid conductance (g,). There is no definite ratio 
between g, and g, but one increases at about the same rate 
as the other. | 

The response of the detector to an unmodulated carrier 
can be explained by Fig. 2. In the absence of any signal, the 


Figure 2 


initial grid voltage (E,,) is determined by the intersection 
of the two curves, making /,-=/,,. When the signal is ap- 
plied, the rectified component of the grid current (1,,) re- 
quires that the grid voltage shift to E,, such that 
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or the equivalent AI—AJ,--1,.. 


IP IL. 

I, ,—AI—AI,—— AE, (9,+-9). 
Therefore AE = m 2 
9+9 


If e, is the applied radio frequency voltage оп the grid, 
then to a first approximation 


Le dg. 
l= ек : са 2 eg dg. ; AQ. 2 dE, в 
| 2 dE, 2 ДЕ, 9-9, 


This solution fails for a strong carrier, since g., is defined 
only for small grid voltages. The behavior with a strong 
carrier is essentially the same, however. The conclusion is 
that for great sensitivity, (g.+g) must be made small, 
к is secured by increasing the resistance of the grid 
eak. 

When the carrier is modulated, the variations in the 
rectified grid voltage (AE.) are accompanied by currents 
m C, as well as in g. and д. The total grid admittance, 


/ wmC ) 
nC |= А 77 eed] 
9-+9+3 d (g«3-9)* + (zz | 
takes the place of (0,4-9) in the denominator. The response 


t0 different audio frequencies of modulation is then pro- 
portional to 


_ 4 — _ 
/^ hC WM 
/1 W 

n + (2S). 


50 that the discrimination against the higher frequencies is 
small if mC <GIgt g. 


Li 
Figure 3 
The magnitude of this effect is not easy to predict, be- 


ig Ie is subject to so many conditions. Measurements 
of the relative response over the audio frequency range 
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have been made, as mentioned in the paper, by introducing 
an audio frequency voltage at “X” in series with the grid 
leak. The resulting grid voltage then varies with the fre- 
quency in the same manner as it would with the frequency 
of modulation of a received signal. 

The same effect is observed in the ' plate detection" cir- 
cuit of Fig. 3, with g, taking the part of g, in parallel with 
C. No general statements can be made as to the relative 
merits of the two detector circuits. The latter circuit is 
generally less sensitive, but the grid conductance is not 
present across a tuned grid circuit. In this case, g,+-g must 
be made small to secure great sensitivity. 


ee ee —— 
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PROPAGATION OF SHORT WAVES 
AROUND THE EARTH 


By 
E. QUACK 
(Zeitacrift fuer Hochfrequenztechnik, 28, 177, 1926) | 
Some very interesting results have recently been ob- 
tained from observations of the commercial operation of 
Short-wave transmitting stations, which furnish an impor- 
tant key to the propagation of radio waves of short-wave- 
length around the earth. In the month of October (1926) 
the Radio Corporation of America placed in operation the 
Short-wave transmitting station 2XSA (now 2XT) with a 
wavelengths of 16.175 m. (18,550 kc), establishing com- 
munication with the German station Transradio A. С. fur 
draht. Übersee-Verkehr (German Transatlantic Communi- 
cation Co.). During the hours of communication the inter- 
vening space is in full daylight. It has been possible to em- 
Ploy signaling speeds up to and exceeding 80 words per min- 
ше. This communication, and also that previously estab- 
lished with Buenos Aires by means of the transmitter AGA 
(15 meters wavelength or approximate:y 20,000 kilocycles) 
at Nauen, has demonstrated the practical feasibility of day- 
light transatlantic communication with short waves. The 
American transmitter 2XT onerates with about 12 kw. in 
the antenna. | 

| In examining the autographic records of the signals re- 
tved at Transradio Central, disturbing signals have often 
€n discovered in spaces which one would normally expect 
to be blank. These may be interpreted as waves which have 
taken the other nath around the earth. The signals of the 
American station have been photographed at the Trans- 
radio receiving station at Geltow by means of a Siemens 
oscillograph, and the records (see Fig. 1) clearly indicate 
© Occurrence of a doubled-signal (‘“doppelzeichen”) a 

short time later than the principal signal. 
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. These doubled-signals from 2XT are occasionally so 
strong as to interfere effectively with the operating records. 
‘Evidence of this is to be found in Fig. 2 which is a reproduc- 
tion of a section of the recorder tape. During this test the 
American station transmitted the test letters a,b,c, and in 
the upper part of the record it will be observed that an 
extra dot appears to be added to the b (— . . .) thus con- 
verting it into a 6 (— ... .); the lower record contains 
a distortion of theletter c. It is evident that we must shield 
our receivers from the subsidiary wave which encircles the 
earth in the other direction. 

In order to make a more careful determination of the 
time which elapses between the incidence of the two signals, 
the American station was requested to transmit a special 
signal consisting of short dots at the rate of 5 per second. 
These signals were picked up by two short-wave receivers 
located at Geltow and each of the receivers was connected 
to а vibrator of the oscillograph. The first receiver was 
connected to a linear sloping antenna 20 m (65 ft) long and 
15 m (49 ft.) high at one end; the second receiver was 
connected to a dipol (Hertz) antenna making an angle of 
409 with the vertical and supported by a mast about 10 m. 
(32 ft.) high. 


a a 
A A РРР 


A aa ан 


AS КААДА 


а a 


ЕЧ ы 


Figure 1—Doubled signals from the American short-wave station 
2XT, A= 16.175m. Photographed at Geltow, Oct. 11, 1926, 15% h. 
(Timing wave 50 pps). а == principal signal; а — subsidiary signal. 


The upper oscillographic trace in Fig. 1 shows the signal 
received by the first receiver, the lower trace that of the 
second ; a 50-cycle timing wave appears in the middle. Un- 
fortunately this timing current was not sufficiently con- 
stant. In more accurate measurements it will be necessary 
to use a steadier timing current of higher frequency in 
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order to determine more precisely the small time-interval 
involved. Measurements of the upper curve show that the 
subsidiary signal lags behind the principal signal by about 
0.096 second, hence it appears to traverse a path about 
28,382 km. (17,600 miles) longer than that followed by the 
principal signal. 


on чы cio Woe 


C 
| i 
Ed a. ту Bu d uA mE "xe! ого раш 
а ё с | 


Figure 2—Automatically recorded signals distorted by doubling. 


The oscillographic record of the second signal is also of 
interest in that it shows no trace of a subsidiary signal. 
This is probably because at the particular time of the photo- 
graph the dipol had an unfavorable position with respect to 
the polarization plane of the wave. It is likewise probable 
that the subsidiary wave had experienced fading; in earlier 
comparative observations of the kind, with less fading, no 
difference between the two antennas could be noticed. 

A more accurate measurement with a steady timing 
wave of 1800 cycles was subsequently made (Fig. 3) which 


Figure 3—Doubled signals from 2XT, photographed at Geltow. Timing 
wave 1800 pps. 


yielded 0.0857 sec. for the time interval, corresponding to a 
path difference of 28,705 km. (17,830 miles). 

The foregoing results suggested a measurement of the 
signals originating at the station AGA (15 meters, 8 kw.) 
at Nauen. This investigation was equally successful. In 
Fig. 4 there is reproduced a section of the oscillograph rec- 
ord, in which will be noticed the incidence of the subsidiary 
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signal after a time lag of 0.135 sec. Assuming a wave-velo- 
city of 299,800 km./sec. the corresponding path-length 
turns out to be 41,499 km. (25,750 miles), which of course 
exceeds the circumference of the earth. (A still more accur- 
ate determination gave the result 41,200 km.). If it be 
assumed that this path corresponds to the circumference of 
a circle parallel to the great circle of the earth it appears 
from computation that the short wave has been propagated 


Figure 4—Photograph of subsidiary signal а! which had encircled the 
earth. Transmitter AGA (Nauen), A= 15m., Осі. 20, 1926, 12? h. 


along a suner-atmospheric stratum 182 km. (113 miles) 
above the surface of the earth. No proof that the wave ac- 
tually takes this path is submitted, nor an explanation of 
how many such circular paths are utilized by the wave in 
returning to the receiver. 

It may be remarked that these Ыга леты have 
been observed only in the case of very short wavelengths, 
15—22 m. At longer wavelengths they are not registered, 
probably because their amplitudes have fallen too low. By 
suitable increase of the receiver sensitivity it should again 
be possible to detect a doubling on longer wavelengths. The 
method applied here should prove of service in further in- 
vestigations of the processes of wave-transmission. It would 
be of particular interest to investigate the influence of the 
time of day and year upon the subsidiary wave. The preced- 
ing account is merely of operating experience and makes no 
pretense of exact measurement. It has at least unearthed 
the problem and shall leave its further investigation and 
explanations to more scientific methods. 


SUM MARY 


The autographic records of the signals received from 
the American short-wave station 2XT, A—16.175 m., often 
contain disturbing signals the time lag of which behind the 
principal signal is such that they appear to be due to waves 
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which have encircled the earth in the other direction. Such 
doubled-signals were oscillographically recorded and mea- 
sured. 

The signals from the station AGA (15 meters) at Nauen 
were also studied and a subsidiary wave which had traveled 
completely around the earth was likewise registered by the 
oscillograph. In this case the time interval was 0.138 sec., 
Which with normal light-velocity gives a path of 41,200 km. 
This corresponds to a great circle girdling the earth at a 
height of 182 km. 
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APRIL MEETING OF THE BOARD OF DIRECTION 


At the meeting of the Board of Direction of the In- 
stitute held at 4:00 p. m., on April 6, 1927, in the Institute 
Offices, the following were present: Dr. Ralph Bown, Pres- 
ident; Frank Conrad, Vice-President; W. F. Hubley, 
Treasurer; Melville Eastham, J. V. L. Hogan, R. A. Heis- 
ing, R. Н. Manson, R. Н. Marriott, L. E. Whittemore and 
J. M. Clayton, Assistant Secretary. 

Upon recommendation of the Committee on Admissions 
the following admissions and transfers were approved: 
Transfer to the grade of Member: Pierson A. Anderson 
and R. S, Van Cleve. Election to the grade of Member: 
Stewart Aikenhead, Theodore C. Brown, Harold Buttner, 
Lieut. W. B. Goggins, W. H. Griffiths, Kenneth Harkness, 
0. T. Mellvaine, O. W. A. Oetting, Miles Pennybacker, L. 
E. Wells and Dr. Lewis M. Hull. 

One hundred and forty-nine Associates and three 
Juniors were elected. 

The Board voted that the Institute Medal of Honor for 
this year be awarded to Dr. L. W. Austin for his pioneer 
work in the quantitative measurement. The medal is to 
be presented at the June meeting of the Institute. 

A petition from members residing within the vicinity 
of Cleveland, Ohio, for the formation of a Cleveland Sec- 


Pu of the Institute was approved and the Section recogniz- 
ed. 


NEW INSTITUTE BADGE 


To meet an insistent demand, the Institute badge is now 
avallable in the form of a watch charm emblem. It is of 
14 karat gold, provided with a swivel ring for attaching 
to a watch chain or fob, and is finished on both sides. 
These watch charm emblems can be obtained from the 
office of the Secretary for Five Dollars each. 
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NEW YORK MEETING 


At the meeting of the Institute held on April 6, 1927, 
in the Engineering Societies Building, 37 West 39th St., 
a paper entitled, “Short Wave Commercial Long Distance 
Communication," by H. E. Hallborg, L. A. Briggs and C. 
W. Hansell, was presented by C. W. Hansell. In the dis- 
cussion which followed Mr. Hallorg presented a portion of 
his paper, “Some Practical Aspects of Short Wave Opera- 
tion at High Power." Both of these papers will appear 
in the June issue of the PROCEEDINGS. The discussion 
was participated in by many of those present. 

The attendance at this meeting was over two hundred 
and fifty. 


News of the Sections 


ROCHESTER SECTION 


On March 4, 1927, a meeting of the Rochester Section 
was held in the Sangamo Hotel. Virgil M. Graham pre- 
sided. The meeting was addressed by Dr. A. Hund, of the 
Bureau of Standards, on the subject of Piezo Electric 
Crystals. 

This meeting was jointly held with the Rochester Sec- 
tion of the Optical Society. There were one hundred and 
twenty-five persons present. 

The next meeting of the Rochester Section will be 
held on April 15, 1927, at which time a paper by Charles 
Bartlett, of the Weston Electrical Instrument Corp. will be 
read. 


CANADIAN SECTION 


The Canadian Section held its March meeting on the 
2nd of the month in the Electrical Building of the Univer- 
sity of Toronto. D. Hepburn presided. А paper by J. M. 
Thomson on “Audio Frequency Amplification with Trans- 
former Coupling," was presented. А general discussion 
folowed. 

The attendance was forty-six. 

The April meeting of the Canadian Section was held 
in the Electrical Building, University of Toronto, on April 
6th. D. Hepburn was the presiding officer. 
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J. P. Henderson, of the Dominion Observatory, Ottawa, 
read a paper, “Radio in Surveying and Wireless in Time 
Signals." С. І. Richardson, A. M. Patience, V. С. Smith, 
F. K. Dalton and others discussed the paper. 

There were eighteen members and fifteen visitors at 
the meeting. 


SEATTLE SECTION 


A meeting of the Seattle Section was held in the Tele- 
phone Building, Seattle, Washington, on March 5, 1927. 
John Greig delivered a paper on ‘Filtering Rectified A. C." 
The paper was discussed by Tyng Libby and others. 

In the election of officers of the Seattle Section, which 
followed the presentation of the paper, the results were 
as follows: Chairman, Tyng Libby; Secretary-Treasurer, 
W. А. Kleist. | 

There were twenty-five members present. 

The next meeting of the Seattle Section will be held. 
in the Club Room of the Telephone Building, Seattle, on 
April 2, 1927. J. J. Ritter, of the Electro-Chemical Con- 
verter Company, will deliver an address on “Battery Elim- 
inators for Radio Receivers." 


DETROIT SECTION 


The Detroit Section held a meeting on March 18, 1927, 
in the Conference Room of the Detroit News Building. 
Thomas E. Clark presided. Three moving picture films, 
"The Audion," "The Electrical Transmission of Speech," 
and “Тһе Story of a Broadcasting Station," were shown. А 
discussion participated in by Messrs. Hoffman, Buchanan, 
Glatzel and others followed. 

In the election of officers which followed, Thomas E. 
Clark was elected Chairman, and W. R. Hoffman, Secre- 
tary-Treasurer. The regular meeting date of the Detroit 
Section was set for the third Friday of each month, except 
during July and August. 

The next meeting of the Detroit Section will be held on 
April 15, 1927, in the Conference Room of the Detroit 
News. James McNary will deliver a paper entitled, “Меаѕ- 
uring the Intensity of the Field Surrounding a Broadeast- 
ing Station." 
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Los ANGELES SECTION 


On March 21, 1927, a meeting of the Los Angeles Sec- 
tion was held in the Los Angeles Commercial Club.  L. 
Taufenbach presided. The address was by A. P. Hill, 
Supervising Radio Engineer of the Southern California 
Telephone Company, on ‘Recent Developments in Broad- 
cast Transmission." The discussion which followed was 
general. 


CLEVELAND SECTION 


As previously announced, the formation of Cleveland 
Section has been approved. The officers of this Section 
are as follows: Chairman, John R. Martin; Vice-Chairman, 
К. E. Farnham; Secretary-Treasurer, L. L. Dodds. 


PROPOSED SECTIONS 


Correspondence looking to the formation of Sections of 
the Institute is being held with interested Institute mem- 
bers in the following territories: Milwaukee, Wisc.; Sche- 
nectady, N. Y.; Pittsburgh, Penna.; New Orleans, La., and 
Minneapolis, Minn. 


Committee Work 


COMMITTEE ON ADMISSIONS 


At the meeting of the Committee on Admissions 
twenty-five applications for admission or transfer to var- 
ious grades of membership in the Institute were consider- 
ed. Twelve of these applications were approved, three 
. were not acted upon for lack of sufficient information and 
ten were not approved. 


COMMITTEE ON SECTIONS 


The Committee on Sections, David H. Gage, Chairman, 
has been very active this year, having held four meetings 
since the first of January. 

At present the Committee is working on the following 
matters: Preparation of a booklet of instructions to be used 
in the formation and management of Sections; Partition- 
ing Sections into geographical districts by the Counties 
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they include; А model form of Constitution and By-Laws 
for use in governing Sections; and establishment of new 
Sections in localities where there are a sufficient number of 
Institute members to maintain an active Section. 


COMMITTEE ON MEMBERSHIP 


The Comittee on Membership, H. F. Dart, Chairman, 
has just completed a booklet describing the aims and ac- 
tivities of the Institute. This booklet will be useful in 
bringing the Institute before prospective members. It will 
be circulated to all Sections and other interested Institute 
members. 


COMMITTEE ON PUBLICITY 


The Committee on Publicity, W. G. H. Finch, Chair- 
man, has regularly secured space in a number of news- 
papers announcing meetings of the Institute and reporting 
thereon. Much credit for the excellent attendance at the 
New York meetings of the Institute can be attributed to 
this Committee’s work. 


PAPERS IN PAMPHLET FORM 


The following pavers are available in pamphlet form. 
Copies may be obtained free of charge by members by 
applying to the office of the Institute. The price to non- 
members is 50 cents per copy: 

“Simultaneous Production of a Fundamental and a 
Harmonic in a Tube Generator,” by Hoy J. Walls. 

“Some Measurements of Short Wave Transmission,” by 
R. A. Heising, J. C. Schelleng and G. C. Southworth. 

“Reduction of Interference in Broadcast Reception,” 
by Alfred N. Goldsmith. 

“Dry Cell Batteries,” by W. B. Schulte. 

“A Theoretical and Experimental Investigation of De- 
tection for Small Signals," by E. L. Chaffee and С. Н. 
Browning. 

“Vacuum Tube Nomenclature,” by E. Leon Chaffee. 

"Quantitative Measurements on Reception in Radio 
Telegraphy,” by G. Anders. 

"Piezo-Electric Crystal-Controlled Transmitters,” by A. 
Crossley. 
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“Piezo-Electric Crystals at Radio Frequencies,” by A. 
Meissner. 


SECTIONAL COMMITTEE ON RADIO, A. E. S. C. 


The activities of the Sectional Committee on Radio of 
the American Engineering Standards Committee for the 
past month have been as follows: 


Component Parts and Wiring 


A meeting of this technical committee was held at 29 
West 39th Street, New York City, on March 2nd. The 
Chairman reported having received a list of N. E. M. A. 
standards for consideration by this Committee. -This list 
of standards as well as vacuum tube standardization in 
general, was considered. It was agreed to defer stand- 
ardization of vacuum tube bases until a report of the 
activities of the Vacuum Tube Committee has been receiv- 
ed. 

The standard A. E. S. C. vacuum tube socket markings 
were proposed and received unanimous approval of the 
committee members present. The Secretary has submitted 
this standard to the balance of the membership for vote. 

The proposed date of the next meeting of this Comittee 
is April 6, 1927. 


Vacuum Tuocs 


During the month drawings giving the exact dimensions 
and tolerances of the two forms of the “UX” base were 
received by the Chairman of the Committee, and were dis- 
tributed to the membership for consideration for later 
standardization. 


Elvectro-Acoustic Devices 


No meetings of this Committee were held during Feb- 
ruary. A meeting is planned for the latter part of March. 
Power Supply and Outside Plant and Transmitting and 

Receiving Sets and Installations 

There were no activities of these Committees during 

the past month. 
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Radio Manufacturers’ Association Representatives 


On vote of the Executive Committee of the Sectional 
Committee on Radio, an invitation to the Radio Manufac- 
turers’ Association to appoint a representative on all five 
of the Technical Committees of the Sectional Committee 
on Radio has been extended by the Secretary. 


. MEETING OF THE ELECTRO-ACOUSTIC DEVICES SUB-COM MITTEE 


The Electro-Acoustic Devices Committee of the Insti- 
tute’s Standardization Committee held a meeting on April 
5, 1927, in the offices of the Institute. 


The following members of this sub-committee were 
present: R. H. Manson (Chairman), H. A. Frederick, F. C. 
Barton, C. R. Hanna, Irving Wolff, C. E. Brigham, Melville 
Eastham, A. Hund, B. E. Brown, Paul Andres and L. E. 
Whittemore. As guests the following attended: Messrs. 
Bostwick, McKown, Olney and Graham. 

At this meeting forty terms and definitions were adopt- 
ed. 

These definitions include broad terms for the types of 
devices that are actuated by nower from one system and 
supply power to another system, regardless of whether the 
systems are electrical, mechanical or acoustical. The word 
“transducer” has been taken as a fundamental term to 
designate a device of this type. By following this plan it 
was possible to build up a system of definitions that appear 
to cover the subject in a most complete form. For ex- 
ample, an electro-acoustic transducer is defined as a 
“transducer which is actuated by power from an electrical 
System and supplies power to an accoustical system, or vice 
versa." 

The definition of a specific device such as a telephone 
receiver was built up in the following manner: 

“А telephone receiver is an electro-acoustic transducer 
actuated by power from an electrical system and supplying 
power to an acoustic svstem, the wave form in the acoustic 
System corresponding to the wave form in the electrical 
System." 

It was found necessary to refer to “wave form" in this 
definition in order that the scope would not be too broad 
and include such devices as an electric automobile horn. 
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In order to differentiate between the various types of 
telephone receivers, reference is made to the acoustic load 
into which these devices operate. For example, a head re- 
ceiver is defined as, “а telephone receiver designed to be 
fastened on the head of the user, and to operate into the 
ear as an acoustic load." On the other hand a loud speak- 
er is, "a telephone receiver designed to radiate acoustic 
power into a room or open air." 

In selecting terms to designate some of the particular - 
elements of the electro-acoustic devices, it was found ad- 
visable to give serious consideration to present usage. 
Thus, the mechanical element that operates a telephone re- 
ceiver or loud speaker is designated as a "driver element" 
and is defined as follows: 

“The driver element of a telephone receiver is that por- 
tion of the receiver which receives power from the electrical 
system and converts it into mechanical power." 

By using the former as a broad term, several terms 
to designate specific types were adopted, such as electro- 
magnetic driver element, eiectrodynamic driver element 
and electrostatic driver element, etc. 

It was considered that the scope of the Committees 
work included all electro-acoustic devices, therefore, defini- 
tions were adopted covering  electro-mechanical devices, 
such as are now commonly employed in connection with 
electrical reproduction from phonograph records. After 
considerable discussion it was decided to use the term 
“phonograph pick-up" to designate the device that is ac- 
tuated by a phonograph record and delivers power to an 
electrical system, the wave form in the electrical system 
corresponding to the wave form in the phonograph record. 
Thus, a “magnetic pick-up” is a phonograph pick-up whose 
electrical output is generated in a coil or conductor in a 
magnetic circuit or field. 

One of the subjects that created considerable discussion 
in the committee is the proposed use of the "transmission 
unit” (abbreviated TU) in expressing the performance of 
electro-acoustic devices. This unit has been adopted as a 
telephone standard in practically all of the countries of the 
world and has already been used extensively in the radio 
industry. It was thought, however, by some members of 
the Committee, that the measurement of the output of a 
loud speaker was best expressed in dynes per square cen- 
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timeter. For this reason further consideration is being 
given to the subject of Performance Indices. 


NEMA HANDBOOK OF RADIO STANDARDS 


The Second Edition of the Radio Division of the Na- 
tional Electrical Manufacturers' Association Handbook of 
Radio Standards is now available. This Handbook con- 
tains fifty pages of standards for many radio devices as 
adopted by the National Electrical Manufacturers' Associa- 
tion. Copies may be obtained at a dollar each from the 
Association at 420 Lexington Avenue, New York City. 


Measurements at Radio Frequencies at 
А. I. E. E. Meeting 


Information of very great interest to radio engineers 
will be presented in а symposium on measurements at high 
frequencies at the Regional Meeting of the American Insti- 
tute of Electrical Engineers to be held at the Maplewood 
Hotel in Pittsfield, Mass., May 25-28. Members of the I. К. 
E. are invited to attend this symposium which will start at 
10:30 A. M., Wednesday, May 25. 

Fifteen papers are included in the symposium and they 
cover such subjects as radio-frequency voltmeters and cur- 
rent transformers ; quantitative determination of radio-re- 
ceiver performance; measurement of large high-frequency 
currents, radio field strengths, communication lines and ap- 
paratus, etc. 

À complete program is published in the May issue of 
the Journal of the American Institute of Electrical En- 
gineers, 
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LOUD SPEAKER TESTING METHODS* 


BY 
I. WOLFF AND A. RINGEL 


(Radio Corporation of America, Technical and Test Department) 


A perfect loud speaker is one which when receiving per- 
fect broadcasting through a flawless set will create the 
illusion of reality. Physically this means that the whole re- 
producing system should be able to transfer bodily a series 
of wavefronts without change from a certain region of the 
broadcast studio or concert hall to the listeners’ room. The 
final test for the quality of a loud sneaker is then the direct 
one of putting it on a receiving set, listening to it, and not- 
ing how nearly it fulfills this ideal. 

For the person who wishes to develop and improve loud 
speakers this test is not sufficient. Neither broadcasting 
stations nor sets available are in the perfect class, and what 
sounds excellent on one combination may be very poor on 
another. The conditions given above can be more nearly 
satisfied by building a high quality speech amplifier for 
laboratory use. This is easily done with the aid of a con- 
denser transmitter, resistance coupled amplifier, and a lit- 
tle equalization, the combination giving very nearly uniform 
response over the audible range. Precautions should also 
be taken to have the output tube of the amplifier capable of 
delivering the required voltage output without distortion. 
If someone talks into the transmitter in one room and a 
loud speaker is placed in an adjacent one, the listener in the 
second room can judge the quality of the reproduction. The 
weakest link in this chain of calibration lies in the sound 
pick-up. This problem is still far from solved in its acoustic 
aspects and of course until this is done the illusion of reality 
cannot be obtained. The value of this interesting test in the 
search for the perfect loud speaker, lies mainly in giving 
some uniform basis on which to compare models. For many 
purposes the best loud sneaker is not the perfect one, but 


*Received by the Editor March 21, 1927. Presented at a meeting of the 
Institute of Radio Engineers, May 4, 1927. 
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the one which sounds best on the sets and broadcasting sta- 
tions as they are. | 
In lieu of better apparatus, the speech amplifier тау be 
used to determine what is wrong with a loud speaker which 
does not sound right. Resonance peaks stand out quite 
plainly and a person with a little experience can learn to 
detect and place them. Depressions in the response curve 
are not so apparent. It soon becomes obvious that some 
more quantitative method of making these tests is necessary 


Figure 1—Oscillator and Recording Apparatus 


if a real study and improvement of loud speakers is to be 
made. In order to find out the causes of certain defects in 
the response curve it is often necessary to know quite 
accurately the position and magnitude of the peaks and 
depressions. 

The next obvious step is to use an electric oscillator of 
some kind giving as pure a wave as possible and impress its 
output on the loud speaker. The observer can get a pretty 
good idea, by listening, of the way the speaker responds to 
different tones in the audible frequency spectrum. It is 
however quite difficult to compare the intensities of tones of 
different frequency and the memory of the ear for tonal 
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intensities which do not differ from each other greatly is 
poor. After an interval of a day or even an hour it is not 
possible to say whether a certain tone is more intense than 
the one heard previously. A test is required which will 
record absolutely the intensity of the tone. 

We have found most satisfactory a system which makes 
a written record in two or three minutes of the loud speaker 
output measured in pressure of the sound wave. The ap- 
paratus used and the procedure followed will be described 
below under the headings—Oscillator, Sound Pickup and 
Recording Apparatus, and Position of the Pickup. A picture 
showing the oscillator and attached recording apparatus is 
shown in Figure 1. 


OSCILLATGR 


For making loud speaker measurements the most con- 
venient electrical source will give a pure, simple harmonic 
output of constant voltage over the whole range to be 
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Figure 2 


studied. It is also advantageous to have the frequency con- 
tinuously variable rather than changed in jumps. 

The above requirements are all reasonably well attained 
in an oscillator where the audible tone is the result of the 
beating of two tones above the audible range which differ 
somewhat in frequency. In the oscillator used in this labora- 
tory one of the circuits is kept fixed at about 135,000 cycles 
while the other is varied by means of change in capacity to 
give the audible frequency wanted. One of these oscillating 
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circuits has a fine adjustment for zero setting as will be 
described below. These two circuits are loosely coupled 
through a potentiometer volume control to a detector, which 
feeds through a low-pass filter with cut-off at 75,000 cycles 
to a two step resistance coupled amplifier. A low impedance . 
tube is used in the last stage to give high power output. The 
oscillator is shown schematically in Figure 2. 

A voltmeter placed in the output of the oscillator indi- 
cates that the output does not vary more than 5% from 30 
to 10,000 cycles per second. A difficulty always encountered 
in instruments of this kind is the drift in frequency caused 
by changing filament current. This is reduced somewhat by 
having the two oscillating circuits as similar as possible. . 
It is always necessary however to have some means for 
adjusting the zero point. If the frequency of both circuits 
remained constant for any particular condenser setting one 
of the circuits could be kept fixed and the other could have 
its condenser calibrated directly in frequency. Now suppose 
that the frequency of the calibrated circuit should change 
somewhat, due to a change in tube characteristics. The 
whole calibration would be thrown off by an amount almost 
constant over the whole range, and therefore if the other 
circuit had its frequency readjusted so as to make the cali- 
bration correct again at one point the whole scale would be 
correct. We therefore have the dial on the condenser in one 
of the oscillating circuits calibrated in frequency, while the 
other is used for zero adjustment. This adjustment can al- 
ways be easily made by means of a tuning fork or by com- 
parison with the 60 cycle power line. It should be made at 
some fairly low frequency so that if there is a non-constant 
shift in the calibration due to change in base fre- 
quency the per cent change in the audible frequency will 
be small. 

The current to the loud speaker should be fed to it in 
such a way as to represent the output of a perfect set. Now 
in the perfect set the potential impressed on the grid of the 
last tube will be the same at all frequencies. Due to the fact 
that the ratio of the plate impedance of this tube to the loud 
speaker impedance is not always small or constant, the out- 
put potential applied to the loud speaker will not be con- 
stant. In order to represent the conditions of a perfect set 
as nearly as possible the constant potential should be ap- 
plied to the loud speaker through a resistance equal to the 
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plate impedance of the tube with which it is to be used. This 
potential can then me measured with an a-c. voltmeter. 


SOUND PICKUP AND RECORDING APPARATUS 


The condenser transmitter developed by E. C. Wente’ 
has been found most practical as sound pickup. One of these 
transrnitters, calibrated by The Bell Telephone Laborator- 
ies, is used to feed into an amolifier made up of two resis- 
tance coupled stages and a third tube feeding through a 
transformer to a vacuum tube detector. The output of the 
detector is measured by means of a d-c. galvanometer. The 
condenser transmitter is ordinarily more sensitive at low 
and high frequencies’ than in the middle range. The overall 
characteristic of transmitter plus amplifier and detector can 
thus be very closely equalized by choosing the proper trans- 
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Figure 3 


former to feed the detector, and correct grid impedances for 
the first tube. A diagram showing amplifier, detector, and 
equalization is given in Figure 3. The electrical part of the 
combination can be calibrated experimentally by introduc- 
Ing à small e.m.f. in series with the transmitter and deter- 
mining the value of this e.m.f. required to give a constant 
output deflection of the galvanometer. The combination of 
this characteristic with the sound pressure e.m.f. calibration 
of the condenser transmitter gives the relation between gal- 


1 . 
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vanometer deflection and sound pressure at different fre- 
quencies. With proper equalization the maximum deviation 
from mean in this curve does not amount to more than 5 
per cent. 

The relation between galvanometer deflection and mag- 
nitude of the input potential can be determined in a similar 
manner. The curve will not in general be a straight line 
over the whole range so that it is not possible to plot gal- 
vanometer deflections as proportional to sound input. 

The combination of apparatus described above gives a 
means for applying a constant potential to a loud speaker 
at all frequencies, the change in frequency being obtained 
by turning a single condenser dial. It also includes a sound 
pickup, amplifier and indicator which will indicate sound 
pressures at all audible frequencies, correction only being 
necessary for the non-linearity of the amplitude character- 
istics. This correction is made by means of the recording 
apparatus to be described below. 

The recording apparatus and oscillator have been de- 
signed so as to plot the loud speaker output on paper with 
a logarithmic frequency scale and linear output scale. The 
broadness of loud speaker response peaks is in general 
rather proportional to the frequency. For this reason and 
also because a more equitable amount of space is accorded 
to the various regions of the frequency spectrum, logar- 
ithmic frequency paper is preferable to linear. It is some- 
what more difficult to determine the proper scale to use 
for intensities. The relation between sound intensity as 
recorded by the ear and that as given by pressure is a rather 
complicated function of intensity and frequency. It there- 
fore seems best not to try to represent the ear response but 
to record sound pressure on a linear scale. 

The recording system used is manually operated. That 
is, a hand operated pointer is made to follow the galvano- 
meter needle and move a pen back and forth on a slowly 
rotating drum to which the paper is attached. The connec- 
tion between the pointer and pen (shown in Fig. 4) is built 
so as to take care of the non-linearity of the detector char- 
acteristic, and the motion of the pen is proportional to sound 
input. The recording drum is geared to the shaft of the con- 
denser which is used to vary the frequency. This condenser 
has its plates so shaped that when its shaft is rotated with 
uniform velocity the frequency will change at a logarithmic 


Wolff and Ringel: Loud Speaker Testing Methods 369 


rate. Logarithmic paper can be placed on the recording 
drum and the plotting will be on a correct scale. The opera- 
tion of taking a loud speaker curve thus merely involves 
placing the loud speaker in the correct position before the 


Figure 4—Recording System 


microphone, adjusting the output of the oscillator at a 
predetermined value, and following the galvanometer needle 
with the pointer while the drum is rotated. 


POSITION OF SOUND PICKUP 


The correct position of the microphone with respect to 
the loud speaker is an important and difficult problem. Off- 
hand it would seem that the logical and simple thing to do 
Would be to place the condenser transmitter about the same 
distance from the loud speaker as the ear of the listener 
Would ordinarily be, and take a curve. Unfortunately this 
response is only an approximation to the free wave pressure 
Which would be caused at this place by the loud speaker. 

The room in which the loud speaker is placed will greatly 
affect the curve taken with the microphone placed as des- 
cribed. In the first place, a considerable proportion of the 


370 Wolff and Ringel: Loud Speaker Testing Methods 


sound coming to the microphone gets there indirectly by re- 
flection from the walls and objects in the room. The volume 
of this sound is naturally affected by the selective absorp- 
tion and resonance characteristics of the room and our re- 
sponse curve therefore is affected by this room characteris- 
tic. 

Whether the loud speaker curve should be taken so as to 
include the room response of an average room is a subject 
open for discussion. This question is inseparable from that 
of the microphone pickup and will have to be considered 
with it. The conclusion will be based on the following 
premises: 

1. A person wko has been in a room, which is not aver- 
age, for a rather long time becomes accustomed to it, and is 
no longer struck by its acoustic peculiarities. 

2. Reproduction to be most natural should in general 
include the acoustical background of the locale where the 
program would usually be placed as perceived by the listener 
in his accustomed position for listening to such a program. 

The definition of the perfect reproducing system given 
at the beginning of the article should then be amplified to 
say that it should transfer an acoustic condition (pressure 
and velocity of the sound wave) from the studio to an aver- 
age room. This will give natural reproduction, for if the 
room varies from average this will perhaps already have 
been discounted by the listener. 

Our present microphones are essentially pressure meas- 
uring devices so that for the nresent we will have to be con- 
tent with transferring this quality of the acoustic condition. 
A little thought will show that this cannot in general per- 
fect reproduction. Assuming then that the microphone plus 
the amplifier make a perfect transfer of sound pressure to 
electrical potential, what must the loud speaker do? If the 
above reasoning is correct, it must in turn make a perfect 
= transfer from electric potential to sound pressure in an 
average room at the normal listener position. 

There is a point which should be noted regarding the 
correspondence between the conditions under which the 
microphone is calibrated and the conditions of its use. The 
microphones we have been using are calibrated by a method 
which applies a known pressure of required frequency di- 
rectly to the diaphragm. (Calibration method described by 
Wente in article referred to above). The pressure at the 
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microphone diaphragm caused by a moving wave is not that 
present in the wave when no object is in its path. Knowing 
the size of the microphone and its mechanical characteris- 
tics it is possible to get a relation between the true moving 
wave pressure and the pressure as recorded by the micro- 
phone. 

At low frequencies the two calibrations will correspond 
but at the higher frequencies the reflection of the sound 
wave by the microphone surface will cause the pressure to 
be twice as great as it would be for the unhampered wave. 

When a pure sound is released from some source in a 
room, a very distinct pattern of nodes and loops of inten- 
sity is apparent to a person moving in the room. The micro- 
phone having a relatively small surface will be at some 
point between maximum and minimum intensity. When 
the frequency is changed the node and loop pattern shifts 
and in a short range the position of the microphone may be 
moved from a region of maximum to minimum intensity 
without any real change in the output of the loud speaker. 
This gives the curve a series of peaks and depressions which 
of course obscure the real loud speaker characteristic. This 
second room effect should not cause an error when averaged 
over a sufficient frequency range, or region in the room, but 
may distort the curve very badly at some frequencies, when 
the microphone is kept in one position. 

In order to eliminate this trouble some system of averag- 
ing must be developed. One way of doing this would be to 
rotate or oscillate the loud speaker or microphone or prefer- 
ably both. At low frequencies the long wavelength and 
therefore large interference pattern would require a con- 
siderable amplitude of motion, comparable with the wave- 
length. The mechanical difficulties and unwieldiness of this 
method, in particular when loud speaker in large cabinets 
are to be tested, make some other way of avoiding this 
trouble preferable. 

As the pickup is moved closer to the loud speaker, a con- 
tinually smaller proportion of the sound comes by reflec- 
tion from the walls and objects in the room and the micro- 
Phone registers more exactly the sound that is coming 
directly from the loud speaker. Of course when the micro- 
phone is too close to the source it acts as a reflecting sur- 
face itself and causes an interference pattern to be set up 
between it and the speaker. The pickup also gets too large 
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a proportion of its energy from a limited region of the 
radiating surface and does not give a true picture of the 
integrated output. We have found that a characteristic 
taken at a distance of about fifteen centimeters from the 
radiating surface gives a quite good indication of the re- 
sponse for loud speakers which radiate in one direction, and 
in which the radiating surface is not too big. 

Loud speakers of the modern cone {уре however radiate 
from both sides. When the pickup is placed fifteen centi- 
meters in front of the surface the cone itself will act as suf- 
ficient shield to reduce greatly the radiation from the rear 
which reaches the microphone. In particular when the loud 
speaker is placed in a cabinet the long path around will 
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cause so much attenuation as to practically eliminate this 
part of the radiation. In loud speakers placed in cabinets 
the sound off the rear may be very important, as cabinet 
resonance will usually show up as radiation in this direc- 
tion. Of course the obvious thing to do in a case like this is 
to take a second curve from the rear. The actual response 
will be some combination of the two curves, depending on 
the position of the listener. 

There is still one serious error made in adding together 
the response of loud speakers taken at this small distance 
from front and rear. Sound is a wave disturbance and in 
any addition phase differences must be taken into account. 
This becomes particularly important at low frequencies. The 
radiation from the rear is naturally 180 deg. out of phase 
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with that from the front, from single vibrating surfaces. 
If the path lengths to the listener differ by only a fraction 
of a wave, destructive interference will be set up. It then 
seems as if some kind of curve at a distance is still neces- 
sary. Since the characteristics taken at fifteen centimeters 
will show the fine structure of the loud speaker spectrum, 
such as sharp peaks and depressions, a rather rough curve 
at a distance will be sufficient. 

If the galvanometer used to record the response does not 
have an extremely short period it is possible to change the 
frequency quickly enough so that the needle will not have 
time to respond to the room peaks and at the same time will 
be able to record the gross loud speaker characteristics. 
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This curve we find gives a very good representation of the 
general response. Fig. 5 gives a comparison of a curve taken 
slowly at a distance with one taken as described. 


SUMMARY 


The procedure of making a loud speaker test will be 
made a little clearer if we summarize here. 

1. The output of an oscillator, continuously variable, and 
supplying constant potential, is fed to the loud speaker 
through a resistance equal to the plate impedance of the 
tube to be used with the loud speaker. Three curves show- 
ing sound output are taken as follows: 
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(a) Microphone fifteen centimeters in front of loud 
speaker, frequency varied slowly enough to show all peaks. 

(b) Same with microphone fifteen centimeters to the 
rear. 

(c) Microphone at normal listener’s distance from loud 
speaker in an average room; oscillator condenser driven by 
motor quickly enough so that room peaks will not be re- 
corded and slowly enough to show principal loud speaker 
characteristics. 

Figure 6 shows three curves taken on the same loud 
speaker by methods (a), (b) and (c). The above test may 
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seem needlessly lengthy, but the time involved is really not 
great. The first two curves require about three to four 
minutes for recording and the last one takes rather less than 
a minute. 

2. We have found that the loud speaker which has the 
best looking characteristic (most free from peaks) will in 
spite of the defects of existing broadcasting transmitters 
and receivers generally sound best when tried on radio. 

We have never built a perfect loud speaker however, 
and the question always arises as to the relative undesir- 
ebility of defects which can be substituted for each other. 
The only way to determine this is to try the loud speaker on 
a set receiving normal broadcasting. 

When the loud speaker is to be used exclusively for 
phonograph reproduction, a phonograph test is of course 
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substituted for the one with radio. When it is to be used in 
combiriation equipment both tests are required and a com- 
promise must be reached, as the phonograph recording 
characteristic is, in spite of recent improvements, still dif- 
ferent from the radio set response. 

We have also at times gone somewhat farther in the test 
of the combination of set with loud speaker, using the os- 
cillator to modulate a broadcast frequency wave which is 
impressed on the set. The mechanics of taking the curve 
is the same as that described when the oscillator is im- 
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pressed directly on the loud speaker. The curve taken in 
this manner gives the response of the set plus loud speaker 
for uniform modulation of a constant amplitude broadcast 
frequency wave over the audible range. 

The results of such tests are very interesting and show 
quite clearly why a poor quality loud speaker may at times 
sound better on a receiving set than a speaker which meas- 
ures up well. It is very true however that the loud speaker 
which shows up best on the original tests described above 
seldom fails to sound best with a receiving set. 

We are looking forward to the time when we may have 
the ideal condition when the oscillator can be impressed on 
the input end of the broadcast studio and a radio set tuned 
to this station will give an output through its loud speaker 
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which draws a straight horizontal line across our curve 
sheet. 

In concluding we would like to mention that Dr. John P. 
Minton was associated with us in a part of the work out- 
lined above, and some of the ideas given are due in no small 
measure to this association. 


HIGH ANGLE RADIATION OF SHORT 
ELECTRIC WAVES * 


BY 
S. UDA 


(Tohoku Imperial University, Sendai, Japan.) 


(I) INTRODUCTION 


As a means of producing high angle radiation of short 
radio waves, it is usual to make a straight vertical antenna 
operate at one of its harmonics. The field distribution of 
such an antenna has been theoretically calculated by B. van 
der Pol, S. Ballantine, S. A. Levin and C. J. Young, and 
others. No experimental work confirming these theoretical 
results seems to have ever been carried out. 


Figure 1 


The present article contains some accounts of experi- 
mental work in connection with this, and also gives the test 
results on a new wave projector devised by the author with 


Special reference to high angle radiation of short electric 
Waves. ‚ 


(II) APPARATUS USED 


The short wave generator used by the author is of a 
push-pull type which can produce stable continuous waves 


— 
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of few meters, in length. The receiving circuit is shown 
in Figure 1, where № is the receiving antenna forming a 
Hertz's resonator, and D and M are a crystal detector and 
a micro-ammeter respectively. 

Now the receiving system is mounted in a wooden case 
and moved up and down along a vertical line by а pulley 
device as shown in Figure 2. A and B are two wooden 
poles erected 3.5 m. apart, the height of which being 
nearly equal to 10 meters. 

The generator is placed at a certain distance from the 


Figure 2 


receiver and set close to the ground level. Field intensity 
due to the generator can thus be measured in various an- 
gular directions above the ground level by placing the re- 
ceiver at various heights. The meter reading must be tak- 
en from a distant point through a telescope, for the ob- 
server's body causes a remarkable effect on the field dis- 
tribution. 


(III) FIELD DUE to a STRAIGHT VERTICAL ANTENNA 


In order to facilitate the change of antenna length, a 
straight telescopic brass tube was employed as the send- 
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ing antenna. The antenna was unloaded and the operat- 
ing wave length was kept constant at 2.66 meters through- 
out the experiments. 


Since the wave length was kept constant, the total 
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length of the sending antenna had to be altered according 
to the harmonic adopted. The grounded and the unground- 
ed antennae were used in the experiments. 

(a) Grounded Antenna. When the lower end of the 
antenna is grounded, oscillation is possible at odd harmon- 
ies only, whereas the ungrounded antenna can operate eith- 
er at an even or an odd harmonic. 
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Figure & shows the observed polar curves in the case 
of the grounded antenna, and the radius vector gives the 
measure of intensity in the receiving system placed in that 
direction. A is the sending antenna, and the current dis- 
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tribution in it is assumed to be a sine curve as indicated 
(Figure 3). C represents the oscillating coil of the short 
wave generator which is coupled with the antenna and 
placed near its current loop. 

In all cases, it will be noticed that a considerable 
amount of energy is radiated in high angular directions, 
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while the radiation along the earth surface is very small. 


If the length of the antenna is made equal tc? А ог À 
x 

corresponding to the 7th or the 9th harmonic, the wave 
projected upwards will be split up into several parts and 
there will then be several maxima of radiation. This is 
illustrated by (II) and (IV) in Figure 3. 

It must be remembered that in our experiments only 
the vertical component of the field has been measured and 
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therefore the polar curves can not be strictly compared 
with the theoretically determined curves. 

(b Ungrounded Antenna. The same measurements 
were made with the ungrounded antenna. In this case, 
the lower end of the antenna was kept at a distance of 
about a quarter wave length above the ground. The ob- 
served polar diagrams are shown in Figure 4, where the 
horizontal base line is taken along the earth surface. 

Here again is it noticeable that the radiation at higher 
angles is markedly predominant when the antenna oscil- 
lates at one of its harmonics. 


(IV) HIGH ANGLE DIRECTIONAL BEAM 


Suppose that a vertical antenna operating at the 2nd 
harmonic is sending out electromagnetic wave in all di- 
rections around it. If a single metallic rod of a full wave 
length is vertically erected at a distance of a quarter wave 
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length behind the radiating antenna (Fig. 5), then this 
metallic rod, as is well known, will act as a wave reflector. 
Since this wave reflector will also act at the 2nd harmonic, 
it is obvious that the characteristic of the high angle radi- 
ation will become much augmented in a single direction 
due to the existence of the reflector. Thus we can easily 
obtain a high angle directional beam of short radio waves. 

In Figure 5 is shown the directive effect of a single 
wave reflector. The curve (1) shows the radiating charac- 
teristic in the forward direction of the antenna, and (2) 
represents the same in the backward direction. The 
broken lines (3) represent the polar curves when there is 
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no reflector. The operating wave length is here equal to 
4.40 meters, and both the antenna and the reflector are 
ungrounded, the lower ends of them being at a height of 
a few centimeters from the ground. 

Again a reflecting rod is placed a quarter wave behind 
the antenna and two more reflectors, one being on the 
left and the other on the right side of it, are placed a 
half wave distant from the antenna (Fig. 6). These 
three rods form a triple-antenna reflecting system, which . 
is comparatively simple in form yet fairly effective in ac- 
tion. For the future convenience, this reflecting system 
will hereafter be called a fundamental “trigonal reflector." 

It is, of course, most efficient when these reflectors are 
all tuned to the 2nd harmonic, whereby they have nearly 
the same length as the main antenna. Figure 6 gives the 


Uda: High Angle Radiation of Short Electric Waves 333 


observed diagrams in this case, where (1) and (2) repre- 
sent the curves in front and in back of the antenna re- 
spectively. eu 

In Figure 7 is shown the radiating characteristic in 
the side directions under the same operating conditions as 
in Figure 6. 


Figure 7 


Now if several wave directors are arranged in front of 
the radiating antenna along the line of reflection, the direc- 
tivity will be remarkably improved. This is evident from 
Fig. 8 and Fig. 9, for example, where six wave directors 
are employed. 

The D's in the Figure are the directors which are hung 
along an inclined line lying nearly in the direction of max- 
imum radiation (Fig. 8.) The length of each director is 
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1.80 meters, and their separation 1.50 meters. Figure 9 
shows the observed polar distribution in this case. For 
all the observations of Fig. 5 and Fig. 9, the field measure- 
ments were made under the same condition, and the short 
wave generator was also kept at exactly the same condi- 
tion. The distance between the generator and the receiv- 
ing apparatus was also made the same for alb the above 
cases and was equal to 15 meters. 

The series of wave directors acts as a means of con- 
verging the wave energy and transmitting it further along 
its direction, and may therefore, be called a “wave duct" 
or a "wave canal." "The projection of the sharpest beam 
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сап be effected by combining а trigonal reflector with а 
wave canal. This combination is thus called a “wave pro- 
jector." The sharpness of the beam can be improved by 
increasing The number of director rods contained in the 
wave canal. 

Many observations have been made by the author on 
other types of wave projector, in which the antenna and 
reflectors operate resonantly at a half wave length. Polar 
curves thus obtained have proved that a beam with the 
sharpness never before attained could then be produced. 

As regards the general study of this wave projecting 
system, a preliminary report was presented to the Im- 
рема Academy of Japan. (YAGI апа UDA, “Projector of 
the sharpest beam of electromagnetic waves,” Proceedings 
Imp. Academy 2, 1926.) The full account of the study 
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in detail has been published as a series of papers 
in the Journals of I. E. E., of Japan. (UDA. On the wire- 
less beam of short elec. waves. I to VII written in Japa- 
nese). Two papers relating to the same subject were pre- 
sented to the 3rd Pan-Pacific Science Congress held in 
Tokyo, November, 1926. (YAGI and UDA. A new electro- 
magnetic wave projector and radio beacon. YAGI and UDA. 
On the feasibility of nower transmission by electromag- 
netic waves). 

In conclusion, the writer wishes to acknowledge his in- 
debtedness to Saito Memorial Foundation for the grant 
which enabled him to undertake the work, and to Profes- 
sor H. Yagi, of the Tohoku Imperial University, under 
whose direction the work was carried out. 


SUMMARY 


The paper describes some accounts of experimental 
work on the field distribution due to a straight vertical un- 
loaded antenna operating at one of its harmonics. Short 
wave of 2.66 meters length were employed, and observa- 
tions have been made with the grounded and the unground- 
ed antennas. 

The paper also gives the test results on a new wave 
projector devised by the author with special reference to 
high angle radiation of short electric waves. 


.* 


NOTES ON RADIO RECEIVER MEASUREMENTS" 


BY 
THEODORE A. SMITH AND GEORGE RODWIN 


(Technical and Test Department Radio Corporation of America) 


It is very desirable to have a basis of comparison for 
radio receivers of different types. Methods of test for com- 
mercial electrica] apparatus have been well established, and 
test codes for motors, boilers, engines and similar equip- 
ment have been adopted by engineering societies. At the 
present time, however, the specifications of the perform- 
ance of a radio set are still in a more or less rudimentary 
stage. The purpose of this paper is to present some con- 
tributions to this subject. 

Methods of test which enable diverse types of receivers 
to be compared and which would be of practical applica- 
tion were suggested some time ago by Mr. Julius Weinberg- 
er, of this department. Tests have been made on various 
receivers and the results obtained seem to warrant a de- 
Scription of the methods used. 

In order to compare radio receivers ессе, it is 
necessary to select certain essential attributes which de- 
termine their performance. Different sets can then be 
compared with respect to these quantities. Three character- 
istics have been chosen as most important for measuring 
the performance of a receiver. They are Sensitivity, Se- 
lectivity and Fidelity. Two other factors of slightly lesser 
importance are the Accepted Frequency Range апа the 
ability to control the volume of the output. 

The essential characteristics mentioned above may best 
be shown by a series of curves. Sensitivity may be plotted 
as the receiver output at various radio frequencies. Se- 
lectivity may be indicated by a Resonance Curve. Fidelity 
can be shown in two wavs. In the first, an overall curve 
may be plotted of the audio frequency output when con- 
stant amplitude modulation at progressive audio frequen- 
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cies is received. While this curve represents the quality 
which may be expected, it is impossible to tell to what part 
of the set a deviation is due. A better method is to take 
a curve on the radio circuits, which shows the sideband 
transmission characteristics, and one of the audio ampli- 
fier characteristics. A combination curve may then be 
obtained, from all frequency selective circuits of the re- 


ceiver, which will represent the quality to be expected 
from the set. 


METHOD oF TEST 


The attempt has been made, in testing receivers, to 
simulate actual conditions of normal use. The function of 
n radio set is to produce a definite loud speaker signal, and 
the set should be rated upon its ability to do this. A sen- 
sitive receiver is one which requires relatively little voltage 
from the antenna to actuate the loud speaker. A perfectly 
selective receiver requires an infinite field strength from 
an interfering station, to produce an audible loud speaker 
signal. 

In order to determine the various factors mentioned 
previously, it is first necessary to define what is meant by a 
"loud speaker signal." The term "standard loud speaker 
signal" or simply "standard signal" has been taken to 
correspond as nearly as possible with the normal loud 
speaker output of a receiver as used in the home. This 
may be regarded as a highly indefinite term, but it is for 
this highly indefinite condition that receivers are being 
built, and as there is no ready-made term to define such a 
condition, it has been necessary to manufacture one. The 
"standard loud speaker signal" must be great enough to en- 
able persons a distance away from a loud speaker, to 
hear a program distinctly and without effort. It must 
also be limited by the output capacity of the final ampli- 
fier tube. The standard loud speaker signal emploved, has 
been arbitrarily detined as the signal corresponding to аз 
average audio frequency (r. m. s.) voltage of 15 volts 
across a o000 ohm resistance in the output circuit wher 
WO сусе modulation at 50°, is furnished by the sigzz 
yenerator, 

While such a "standard signal” may be useful to t4 E 
about and to form a basis of comparison, it is not easy to 
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measure in practice. For this reason it becomes neces- 
sary to select an electrical analogue for measurement pur- 
poses. "This is not difficult, as the detector of the radio set 
may be employed as an indicator by placing a milliammeter 
in its plate circuit. If a signal of constant degree modula- 
tion is being received, a certain change in detector plate 
current will correspond exactly to the above mentioned 
"standard signal." This value of plate current, or change 
in plate current from static value, will be used as a meas- 
ure of the standard signal throughout. It is then unneces- 
sary to use modulated signals for receiver measurements, 


although the amplification of the audio stages is taken into 
account. 


Figure 1—' Test Oscillator used for taking all data. System comprises 
an audio frequency amplifier, modulators, oscillator. and power 
amplifiers with output metering device and modulation percentage 
indicator. 


The manner in which the given loud speaker voltage is 
related to the detector plate current change, may be de- 
termined by experimental means or else by calculation. To 
compute it, the gain of the audio amplifier must be 
known. The loud speaker voltage, 15 volts, divided by this 
value will give the audio frequency voltage in the plate 
circuit of the detector. If an average degree of modula- 
tion of 50% is assumed, this audio frequency voltage will 
bear a definite relation to the voltage of the carrier fre- 
quency on the input side of the detector, and will be ac- 
companied by a definite plate current change (dc) of the 
detector. This current value is a measure of the “standard 
signal." 

All other factors are related to this value. Sensitivity 
curves may be taken as the field strength required to pro- 
duce the "standard signal" or standard detector plate cur- 
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rent change, at various radio frequencies, when the receiv- 
er is tuned to resonance at each frequency. 

Resonance curves represent the field strength necessary 
to produce the standard signal at various radio frequen- 
cies when the receiver is left tuned to resonance at one 
particular frequency. 

A volume control curve can be plotted of field strength 
required to produce standard signal when the receiver is 
tuned to resonance, versus settings of the volume control. 


METHOD OF TAKING CURVES 


In all cases a radio frequency oscillator is necessary. 
For coupling to receivers requiring an antenna, a dummy 
antenna was provided consisting of a condenser of 0.0004 
microfarads capacitance, a coil of 28 microhenrys and 2 
ohms resistance, and a resistance of 23 ohms, connected in 
series. This has been found to simulate a fairly good 
broadcast receiving antenna. Ап effective height of 4 met- 
ers was assumed. The oscillator coil is coupled to the in- 
ductance coil of the dummy antenna, the general arrange- 
ment of apparatus being shown in Figure 1. 

If the oscillator coil has a current Z flowing in it at some 
radio frequency f and there is à mutual inductance M be- 
tween it and the inductance in the dummy antenna, a radio 
frequency voltage 2z/MI will be induced in the dummy 
antenna circuit. This voltage could be induced by a field 
strength E in an equivalent actual antenna of effective 
height H, so that E— ы In using this expression E 
is in volts per meter, f in cycles per second, M in henrys, 
and I in effective amperes. 

For. loop receivers, the oscillator coil is used to produce 
known field intensities at the loop of the set. A coil of л 
turns with radius a and having a current / flowing in it 
will produce a flux density H at a distance x given by 

2za*In 
H= тогуз a2) 7 

Expressed as equivalent microvolts per meter this be- 

comes 


(gausses) 
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in which all distances are expressed in centimeters, i іп am- 
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peres, « is the angle taking the planes of the two coils. 

For taking sensitivity curves, the receiver under test 
is tuned to resonance, the oscillator output is adjusted 
so that the detector plate current change reaches the prop- 
er value for standard signal. Several points at different 
frequencies may be taken quickly in this manner and the 
sensitivity curve plotted as the field strength required to 
produce standard signal, versus frequency. 
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Ficus 2—Sensitivity Curve—Field Strength Required to Produce 
Standard Signal vs. Frequency. 
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Resonance curves may be taken in two ways. Ву the 
first method, an oscillator is necessary in which the fre- 
quency can be varied in small steps and the output 
of which can be varied widely without change in frequency. 
À neutralized master oscillator-power amplifier system has 
been used. (See Fig. 1). The receiver is tuned to reson- 
ance and the oscillator adjusted to this frequency. The 
oscillator frequency is then varied and readings of field 
strength are taken at several frequency steps off tune, 
keeping the detector plate current change constant at the 
standard signal value. 

In сазе such an oscillator is not available, an oscillator 
the output of which is constant over а small frequency 
range may be employed. In this method, a resonance 
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curve is taken by keeping the oscillator output constant and 
reading the detector plate current changes for steps of fre- 
quency off resonance. By then plotting a curve of field 
strength versus plate current changes, this resonance curve 
may be translated to the previous form. 

The volume control curve is self-explanatory. 

From the resonance curve is shown the effect of the 


Figure 3—"Resonance" Curves—Curve at left taken with receiver 
tuned to 660 kc., curve at right with receiver tuned to 1060 kc.— 
Field Strength Required to Prouugg Standard Output vs. Frequency 
of Signal Generator. 


receiver selectivity in cutting off the higher audio frequen- 
cies. However, it is more convenient to show this sharp- 
ness by replotting a portion of the resonance curve in dif- 
ferent form. This new curve shows in effect the audio fre- 
quency voltage transmitted by the radio frequency cir- 
cuits, plotted as a percentage of the transmission at the 
resonant frequency. As this quantity is proportional to 
the admittance of the circuits, the title of the ordinate, 
Percent. Resonant Admittance, seems a proper one. The 
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data for this curve are obtainable by taking the average 
of the field strengths required to produce standard signal 
either side of resonance for frequencies in the audio 
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Figure 4—Sideband Transmission Characteristic Curves—Cutoff of 
high audio frequencies due to selectivity of radio frequency 


circuits. 


range. This average field strength divided into the field 
strength required to produce standard signal at reson- 
ance, is the Resonant Admittance expressed as a percent. 
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Figure 5—Audio Frequency Characteristics of Entire Receiver—Trans- 
mission of audio frequencies compared to transmission at 400 
cycles. 
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By combining this curve with the curve of the audio ampli- 
fier, the frequency response curve of the receiver will be 
obtained, if there is no other frequency selective circuit, 
(such as the grid leak condenser combination). As the 
latter effect can be allowed for, the combined curve may be 
taken as truly representing the quality limitations of the 
receiver. AS measurements are taken below the overload- 


Figure 6—Volume Control Curve—Receiver and Signal generator in 
tune. Field strength to produce standard output at various volume 
control settings. 


ing point of the amplifier tubes, no serious harmonic dis- 
tortion is encountered. 

The method of procedure for quickly taking audio fre- 
quency characteristic curves will be described in an ac- 
companying paper by Mr. E. T. Dickey. 

While the description of the method of test makes the 
process appear involved, the actual operation is relatively 
simple and curves may be taken with considerable speed. 


RELATION OF ACTUAL TO IDEAL CURVES 


When the curves of a receiver have been obtained, they 
may be compared with curves of other sets. Perhaps 2 
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good method of comparison is to note the deviation from a 
set of hypothetical, ideal curves which represent the ulti- 
mate aim of receiver design. 

The shape of a series of ideal curves is shown in A of 
Figures 2, 3, 4, 5, and 6. Curves marked В in these figures 
represent actual curves of some receivers tested. 


CONCLUSION 


While it is not claimed that the methods employed here- 
in are new, few attempts have been made previously to co- 
ordinate the testing of receivers, so that the results ob- 
tained may be correlated with broadcasting station per- 
formance. It is possible to predict how well a set in a 
given locality will receive signals from a broadcasting sta- 
tion, by inspection of the sensitivity curve of the set and a 
field strength map of the station. The quality which 
may be expected from a receiver is found from the fre- 
quency characteristic curves. The field strength which 
still overloads the set with the volume control device at its 
minimum position can be determined, and hence the area 
about a broadcasting station in which such a receiver can- 
not be used, is known. It is possible to tell from a reson- 
ance curve whether a broadcasting station will interfere 
with one being received if their respective field intensities 
are known. Thus it will be seen that the results obtained 
in this method of test are useful for practical as well as 
theoretical purposes. 

It is to be hoped that some general method of test will 
be adopted, so that in the future receivers may be compar- 
ed by means of definite engineering standards. 


THE TUNED-GRID TUNED-PLATE CIRCUIT USING 
PLATE-GRID CAPACITY FOR FREED-BACK. A 
DERIVATION OF THE CONDITIONS FOR 
OSCILLATION. 


Bv 
J. B. Dow 


Herewith is a circuit which has recently been popular- 
ized in short wave transmission. The necessary feedback 
for oscillation generation is obtained solely through the 
plate-grid capacity of the tube and not through external 
inductive or capacity coupling as in most other circuits. 
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The grid-filament and plate-filament capacities within 
the tube are considered to be lumped with the tuned circuit 
capacities C and C, respectively. Ё, 15 the equivalent resis- 
tance of the input resistance of the tube plus such resistance 
as is inherent in the tuned grid circuit. R, is the equivalent 
resistance of the load circuit L,, R, C, plus the inherent re- 
sistance of the tuned plate circuit. L, and C, include the 
equivalent inductance and capacity of the load circuit L,, 
AR. C. 

The problem is to develop equations showing the condi- 
tions required for oscillation. 

It is assumed that the alternating current wave is sinu- 
soidal when oscillation occurs. Owing to the presence of the 
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tuned grid circuit, this assumption introduces no serious 
error in the results. 

Kirchoffs Laws give 
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j 
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Note: All Ps, E's and 2's are complex. 
Digression оп £;: 
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Substituting (3) in (2), get 
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Eliminating between (4) and (1) and multiplying both 
sides of the result by С, get 
jry4-[ IpC woh, 4- JLo) 
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Rationalizing the denominator of the fraction, then mul- 
tiplying both sides of (5) by the new denominator, get 


HR (CoC oi EU а JT йй c. ri 
k (8 + jlo) ПР, (Cro+C,oJ—j [Cobo 
Соба р) 111 
LIURE (Co Cy) + EC oC, o (Lo — ТИ 


—7, Cow [R (Co tC, 9) + [CoL, wo C o( L, x, ^ Г] ] j 
( &,5-)L,4) —0 (6) 


. Equation (6) expresses in complex form the conditions 
required for oscillation. The real part of (6) gives the first 
general condition of oscillation, viz: 
uC ol , ( C o + Co) (R.L o R Lo) -+ [Chola ot С о( 1, w— 
E 1 
С, 
--[ [R (C no+ Co) + [CoL o+ C iol [о 


—2—) ] `] ] (Lo 3- Rr C.) —0 
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(7) 


. If the tuned grid circuit is adjusted to resonance, 


= 1, then the above equation reduces to the simpler 
m 


form 
С.А, (C, o 4-C a) ORL o Lie) CooL e ( Lob. s —R,R.)] 
n LE, (Co Co) (Cols wo) °] (Г.о К.т С,о)=0 


(8) 
If Li. , and in addition, R,—0, (7) reduces to the 
still simpler form 
Loo Jud 
буы esr 
| (9) 


The imaginary part of (6) gives another condition for 
oscillation from which the frequency can be determined. 
This second general condition is 
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If as before, fone (10) reduces to 
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If Lo , апа in addition, R,—0, (10) reduces to 
R,( y —1) +r, (1—L.0C uw) —0 (12) 
from which 
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^  yL,C, 
(13) 


The last equation indicates that if Ё„-&0, the frequency 
of oscillation is greater than the undamped frequency of the 
circuit L,C,R,. 

w—=2ITf. 

p—plate amp. factor. 


SELECTIVITY OF TUNED RADIO 
RECEIVING SETS* 


KENNETH W. JARVIS 


(Engineer, Crosley Radio Corporation) 


In the design of modern broadcasting receivers, the 
radio engineer has three technical objectives. These three 
objects are the obtaining of selectivity, fidelity of reproduc- 
tion and adequate sound volume. Selectivity means ab- 
solute choice of the wanted transmission, without inter- 
ference of any kind. Adjacent stations, static and man- 
made interference should be entirely eliminated. Fidelity 
of reproduction defines itself. The final sound output 
should be exactly similar in amplitude, phase and tone as 
tat before the transmitter microphone. Adequate sound 
volume implies sufficient amplification to increase any signal 
impulse, no matter how small, to any desired value. 

Àn ideal radio receiver will have all of these factors in- 
corporated in its design. The user may choose his program 
and control the output to suit his comfort. These should 
be independent problems, a more perfect solution of any 
of them contributing to the intrinsic value of the receiver. 
Unfortunately this situation is not even approached in 
present practice—a change in design which will affect any 
one of these factors will also affect the other two. It will 
therefore be appreciated that a paper on “Selectivity” 
would be meaningless if the entire combination of effects 
were not considered. The most that can be done is to show 
how the amplification and quality varies when the selectiv- 
ity is the independent variable. 

Before "selectivity" can be discussed, it is necessary to 
know what is to be "selected," and this involves an analysis 
of the method by which broadcasting is accomplished. The 
concept of side bands is well known. Broadcasting consists 
in the simultaneous radiation of two or more high frequency 
Waves. Modulation is the operation of producing high fre- 


*Received. by the Editor Feb. 23, 1927. Presented at a joint meeting of 
members of the American Institute of Electrical Engineers and Institute 
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quency radiations at a frequency different from a carrier 
frequency by an amount equal to the audio frequency to be 
transmitted. The usual methods of modulation produce 
two such high frequencies, one on either side of the car- 
rier. Thus if a million cycle carrier is modulated by an 


Figure 1 


audio frequency of 1000 cycles, three frequencies are radiat- 
ed, one million minus a thousand, one million, and one mil- 
lion plus a thousand cycles. The frequencies generated by 
modulation are termed side bands. It should be clearly 
realized that these side bands are not mathematical fic- 
tions, but are physically existent as a part of the broadcast 
transmission. It is the “beating” of the side bands on the 


Figure 2 


carrier which rectified produces the audio component of 
the detector output. The two side bands “beating” with 
the carrier wave add to give the original audio or modulat- 
ing frequency. 

It is obvious that the amplitudes and phases of the side 
bands must maintain their original relationship through- 
out any amplification or modifying stages to which the fre- 
quency band is subjected. 
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Considering the faithfulness of reproduction, or quality, 
a uniform response curve for all frequencies would be de- 
sired. Considering selectivity, this response band should 
cover only the frequencies included in the side bands of 
the desired station. Such a response curve is shown in 


ul " 


Fio 2. 


Figure 3 


Fig. 1. Below the lower side band and above the upper 
side band no response is obtained while between these two 
limits the response is uniform. Such a response curve is 
obviously a discontinuous function of frequency, and as such 
requires an infinite series of terms to represent it accurate- 
ly. This would probably mean an infinite series of selective 
Circuits or circuit arrangements. More will be said later 
regarding the possibilities of such a system. 


Figure 4 


With this conception of the “ideal” response curve in 
Mind, the response curves of the present type of selecting 
“Ircuits will be more appreciated. The circuit is shown in 

8. 2. The fundamental operation of such a circuit de- 
pends upon its change of impedance with change in applied 
lequency, Below the resonant frequency the circuit is an 
Inductive reactance, and above resonant frequency it is capa- 
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city reactance. As resonance is approached, the effective re- 
sistance increases, reaching a maximum close to the point 
of zero reactance. These facts are usually plotted in the 
form of the curves of Fig. 3. 


Figure 5 


For the purposes of this paper, another viewpoint is 
preferable. It is a fundamental property of any circuit 
having a well defined resonant frequency that the curve be- 
tween effective resistance and effective reactance should be 
approximately a circle. Thus take the simple circuit of Fig. 


Frequency 


pene. 


Figure 6 


4. The curve between Ё' and X' is shown in Fig. 5. With zero 
frequency the inductance "shorts" the circuit. At resonance 


1 
[ x aie | the impedance of the L-C combination is in- 


finite and the diameter of the circle is given by R. At infin- 
ite frequency the capacity "shorts" the circuit and thus com- 
pletes a perfect circle. Changing L and C changes the reso- 
nant frequency; changing R changes the diameter of the 
circle. 


Jarvis: Selectivity of Tuned Radio Receiving Sets 405 


In сазе there is no shunt resistance, but a series resis- 
tance in one, or both legs, the action is somewhat different. 
Fig. 6 shows the case with a resistance in the inductive leg 
only. The impedance "circle" begins with a small value R,, 
equal to the coil resistance and ends with zero impedance as 


Figure 7 


before. The "circle" is not a true circle, but if R, is small 
compared with F’ it may be treated as such without serious 
error. In all the cases discussed in this paper this has been 
done. The case where the error due to this assumption 
would be greatest has been checked and the error found to 
be considerably less than 1%, and is sufficiently accurate 
for all other cases of value to a radio engineer. 


Figure 8 


The next consideration is to determine the voltage across 
Such a resonance circuit as the frequency is varied. The 
usual circuit connections for a vacuum tube amplifier are 
48 Shown in Fig. 7. It can be shown that a vacuum tube can 
һе replaced by a generator of zero internal impedance hav- 
Mg a voltage »E,, in series with a resistance R, equal to the 
Plate-filament impedance of the tube. Also all of the circuit 
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constants may be transferred to the secondary by multiply- 
ing by N°. N is the effective transformer ratio, and with по 
leakage is a. If leakage is present. the transfer is still 
justified but N may be more difficult to determine numeri- 
cally. 

These changes have been made in Fig. 8, where N*uE,, 
is the voltage of the transferred generator, and R,=—N’R,. 
The vector diagram of the combination impedance is shown 
in Fig. 9. R, adds in the direction of R’. The vector AC 


Figure 9 


represents the impedance of the tuned circuit and the vec- 
tor BC represents the impedance of the combination. As 
the applied voltage divides in direct ratio to the impedances, 
the response curve is given by the ratio AC/ BC as the 
point C swings around the circle. 


AC—VyR"-EX^ (1) 
BC=\/(R'LR,) 4X" (2) 
Let the response curve ratio ‘a be represented by B. 


Then 


puse R?-4- X? 
— R^--2R'R,-- R/A-X^ (3) 
From the geometry of the circle it can be shown that 
X"^—ZR —R*? (4) 


where Z is the maximum impedance of the tuned circuit, ie, 
the circle diameter, making the substitution of (3) in (4) 
gives | 
| Б?— Oo È _ 
E.?--R'(2R.-Z) 
(5) 
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The mathematical solution of the circuit constants (or 
variables) of a tuned circuit such as shown in Fig. 4 where 


L л ; 
R= РС (resonance impedance) gives as the effective resis- 
3 ae ; 


tance а term so that 


L? oe 
R2C2 (1—9?LC)?-- 2L? 
(6) 
where L, C and R, are the inductance, capacity and the ser- 
les resistance of the tuned circuit. At resonance (1—w? LC) 


Is zero and, as R'—4Z at this point, 


; L 
mE fupe cc quer (7) 
Substituting (6) and (7) in (5) gives 
/ "IE 
B—V TR Б с oL)? - REG LC)? 
(8) 
At resonance = ==», and (8) simplifies into 
m 1 
—R. 
ous (9) 


This means that if the transferred tube impedance is equal 
to that of the tuned circuit, ie R,—Z, half of the tube gen- 
erator voltage is effective across the tuned circuit. 

This development can now be applied to the determina- 
tion of selectivity. In this paper the term “selectivity” is 
used to represent the ratio between the wanted signal and 
an interfering signal. The usual method of measuring selec- 
tivity is based on the width of the resonance curve at half 
amplitude. While this is a convenient way of comparing two 
resonance curves, it is meaningless to an engineer who must 
interpret his solution to fit actual cases. We are interested 
in the comparative response of a desired station and one 
that is undesired. Such information is given only by the de- 
termination of the response ratios and not by any curve 
shape. Thus when a circuit is said to have a selectivity fac- 
tor of five, it means that a wanted signal is five times the 
Strength of an unwanted station, assuming equal inputs. 

This method has the disadvantage of having a different 
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selectivity for every frequency off resonance. However, if 
all stations are working on a fixed frequency difference 
basis, such as the 10-kc. separation of present broadcasting 
stations, and the selectivity factor is calculated using this 
difference, the result will be a positive answer to the ques- 
tion of selectivity and not a mere geometrical ratio. 

Equation (9) gives the response at resonance, and 
equation (8) gives the response at any other frequency. 
(«,—21If,). Dividing (9) by 8 will give the selectivity of 
the combination as defined above. Performing this opera- 
tion and simplifying gives 


‘ R.Z \? (1 QM? 
52—14- (л) Ex —w,C ) - 


At resonance the product terms in (10) disappear and 
S=1. This is obvious from the definition of S. The last 


term is dependent on the frequency difference from reso- 
nance. For a given frequency difference, the only variable 


R.Z 

R,4-Z 

This term continuously increases as K, increases. The 
value of R, is the value of the tube impedance R, transferred 
to the secondary. Decreasing the number of primary turns 
increases R, and so increases the selectivity. It can be shown 
that when the primary turns are adjusted for maximum 
amplification &,—Z. Under these conditions, the selectivity 


522 


is that of 


(11) 


If the primary turns be decreased to zero, Ё„ approaches an 
infinite value. Substituting Ё, оо in (10) gives 


0+ Z (12) 


It is thus apparent that decreasing the number of primary 
turns from the optimum amplification value to an infinitesi- 
mal value cannot more than double the selectivity! 

The increase in selectivity by increasing Z is exactly the 
same as by increasing R.. It must be noted however, that 


while Z= ro it is not permissable to increase Z by chang- 


ing the L-C ratio, as this also affects the second product term 
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of (10). This effect will be discussed later. However de- 
creasing R, will increase the selectivity, and if the optimum 
transformer turn ratio be used, the selectivity will increase 
as the reciprocal of R,. Notice that the only way to make 
the selectivity infinite is for R, to be zero and the trans- 
former turn ratio to be infinite. 

In the above, notice that the square is dropped from S 
and the product terms. This can be done without error if 
the product terms are great with respect to 1. As the pro- 
ducts terms approach zero, (due to С ) the value of 

02 
S does not differ greatly from 1. 
The next problem is to determine how the selectivity 


changes with the L-C ratio. In order to do this, ET must 


be substituted for Z in (10). Simplifying the resulting 
equation gives 

(w,—w, )? R.L 2 

suem „ү 

о, R,R,.--o,?L (13) 


In considering the action at any large frequency differ- 
ence from resonance, the bracket term of (13) becomes 
large with respect to 1. Therefore 


S— (w,—w,)? R,L NN 
We R,E,-4-«,?L? (14) 
The first of these product terms is dependent on fre- 
quency off resonance and is independent of circuit condi- 
tions. The second term is one which we can adjust. A simple 
differentiation shows that S is maximum when 


o,2L?—R,R, (15) 


2 

But Р, may also be determined by L, for R.=(¥) R,. Sub- 
stituting this into (15) gives 

M?,?—R,R, (16) 
This is the value to which M must be adjusted to give maxi- 
mum amplification. This means that if the secondary induc- 
tance is adjusted for ontimum amplification, the circuit is 
also adjusted for optimum selectivity, with respect to L-C 
ratio. This surprising statement indicates that if the circuit 
conditions are adjusted for maximum amplification, the se- 


lectivity is dependent on the L-R, ratio only. It also means 
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that if the circuit is adjusted for maximum amplification of 
a wanted signal, it will give the greatest ratio between the 
wanted signal and any interfering frequency. 

While this gives optimum selectivity with respect to L-C, 
this is not the maximum possible selectivity. In general the 
problem is to obtain the greatest (or the least) selectivity 
for a given amplification. To this end the simplified equation 
for the amplification of a single tuned stage will be intro- 
duced. 


Mo. pol 


AS $ | A4» о 
КВ.М? (17) 


( : 
00.0 n) = 
w 


Calling — 


=K |, and substituting к,=(у) R, in 


RL F 
(13) gives S=1+| Kipp AR? | - 


Solving (17) for Mo, and substituting A—XK,ue in (18) 
and simplifying gives 


anes 2k, 
sr [e ы 


Пас yma ? RR, | (19) 


For large frequency differences the 1 may be neglected 
and with a chosen amplification determining K., 


O å Bo o 
"CLXVD-—IKSR,, (20) 


The selectivity will be maximum when the denominator 
is minimum. If the second term under the radical be zero, 
the other denominator terms will cancel and the selectivity 
will be infinite. Notice that this means that R, is zero, 
checking a previous conclusion. 

The larger L becomes, the more nearly the radical term 
approaches the value of L, and the smaller the denominator. 
Maintaining the transformer turn ratio, etc., so as to give 
a constant chosen amplification, increasing the secondary 
inductance will increase the selectivity. This is a point not 
so well appreciated by the radio set manufacturer as it 
should be. 

One other point is of interest. For any chosen amplifica- 
tion, i. e. K., there are two values of selectivity. One is where 
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the amplification is below the optimum value due to too 
small a mutual inductance, and the other is with the mutual 
greater than the optimum value. If L?=4K,?R.R,, there is 
only one value for selectivity, that which occurs at the opti- 
mum amplification. 

Before considering the quality factors of this discussion 
several curves illustrating the previously made points will 
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Figure 10 


be given. The separate equations (17) and (18) were used 
in deriving the majority of these curves. In determining the 
selectivity, K, of (18) was calculated on the assumption that 
the interfering station was 10 kc. off resonance. 

The first three curves, Figs. 10, 11 and 12, show the am- 
plification and selectivity curves of a variable condenser 
tuned stage of radio frequency amplification. The induc- 
tance and resistance values chosen are typical of a very good 
transformer. The average receiver uses less inductance and 
often has several times 8 ohms in the circuit. These values 
were chosen to show how poor the selectivity factor is even 
with such an optimum practical case. Mutual inductance is 
used as the independent variable, it being customary to vary 
the primary turns to obtain a desired amplification or selec- 
tivity. In the corner of the curve sheets is an insert curve of 
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amplification against selectivity. The important point to 
make here is that with the chosen coil and secondary resis- 
tance, every circuit condition must lie on this curve! No 
trick arrangement of capacity or inductance coupling or 
combination can serve to change the relationship between 
selectivity and amplification. 
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Figure 11 


As selectivity is necessary in this type of receiver, a mu- 
tual below the optimum value is necessary. Thus in Fig. 10, 
a mutual of 10 microhenries might be chosen giving an 
amplification of 30 and selectivity of 4.2. With this fixed mu- 
tual the amplification and selectivity are as follows: 


Amplification Selectivity 


QUU OM Laexsanthe xs 30. 4.2 
SUD DL Lisa cw Cov NER 14.5 4.6 
DUO BU cuoi a pa 4.0 4.8 


Take another case. Assume that it is necessary to main- 
tain a constant selectivity. Then we might have 


Amplification Selectivity 


200 M 244 eyes E5499 42.0 3.5 
QUU ME аана 29.0 3.5 
DUUM ic кааар 15.5 3.5 
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Or again, assume that some coupling method is used 
whereby the amplification is constant. The maximum am- 
plification of the 600-meter signal must be the limiting 
value. Taking approximately this as the constant amplifi- 
cation gives 

Amplification Selectivity 


200 M... ARES 16.0 4.6 
800 М............... 16.0 4.5 
600 М............... 16.0 3.1 


The choice of the three methods depends on the class of 
the set and the difficulties involved in applying the method. 


EE Т ЫШ BARES SP Sa eee ae ee 

тин ee eee | m 
БЕ ае ЕШ ESO ЧИР ЧИР MISS ui AES 

2 рне ченен "np 


ош Latani Жош БЕ: 
E з nd "La "x GUT ZA ж Jd Say cass] ач u- RH ч ч 
сс рр АЫ 
тй 1 прве E КТЕР 
mILEBO 0H. 


B e AER ELI | T1 | | 
E 3 | 
p Cu. peter | 4 


Figure 12 
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The first method, i. e., constant mutual, is the one which 
most set manufacturers have been using as it is the simplest. 
Recently several methods approaching the case of constant 
amplification have been placed on the market. A compro- 
mise between increased amplification and decreased selec- 
tivity seems to be the logical outcome of such developments. 

Another interesting series of curves are given in Figs. 
14,15 and 16. Here the tuning capacity is left fixed and the 
secondary inductance varied to resonate the circuit. As it 
is harder to build a low resistance variometer than a single 
coil, the secondary resistance was chosen as 20 ohms. Pri- 
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mary inductance is chosen as the independent variable in 
this case, as the changing mutual with change in secondary 
inductance would not illustrate the usual case clearly. 

With this method of tuning both the amplification and 
selectivity increases with increasing wavelength. A com- 
bination of inductance capacity tuning might prove ideal so 
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far as present tuning methods are concerned. No tables are 
offered from these curves as the curves themselves can be 
read with sufficient accuracy to give any desired informa- 
tion. 

Data for amplification and selectivity have been ob- 
tained for many other cases and checked experimentally, but 
the essential facts are given above. Anyone interested in a 
specific case can substitute his values in Equations (17) and 
(18) and quickly determine the curves. 

The discussion thus far has considered only the relation 
between selectivity and amplification. As was pointed out in 
the introduction, the quality of reproduction is affected by 
these other variables and must also be considered. There 
are several factors which affect the quality, each by a dif- 
ferent amount. The major factor is that produced by the 
non-uniform amplification of the desired side bands. 
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In this discussion, percentage quality is defined as the 
area below the response curve and between the side band 
limits, divided by the area of the rectangle whose length is 
given by the maximum amplification and whose width is the 
side band separation. This meaning of quality assumes that 
all frequencies between the two side bands are present, and 
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that the energy at each frequency is of equal importance. 
This may be too severe a restriction as undoubtedly some of 
the higher audio harmonics can be dropped without mater- 
lally affecting the quality as perceived by ear. There seems 
to be no logical basis for making any other method of qual- 
ity measurement involving a frequency spectrum, and it is 
to be hoped that some such method can be universally 
adopted. It might be preferable to plot both the amplitude 
and the side band frequencies (on both sides of resonance as 
a base line) in logarithmic units and measure the area in 
the customary square units. In any case, a fair definition 
of quality seems to be the area of the received frequency 
spectrum divided by the area of the ideal frequency spec- 
trum having the same maximum amplification. 

In a tuned radio frequency amplifier the grid to grid 
voltage amplification is increased in two places. First in the 
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station’s interference. The ratio of the area of the desired 
station’s signal (actual case, not ideal) to that of the inter- 
fering station is a measure of the selectivity of the circuit. 
In the tables following this selectivity factor is called S,, 
as it is based on the respective area. The selectivity factor 
as defined in the first part of this paper, i. e., the ratio of the 
resonant frequency signal to that 10,000 cycles off reso- 


мава wu 


Sabet 1 anm 


BERUF ee 
m 

"| 
CAMME ENNM 


ss Me И ДЕ di L3 qp B 


ЕЕ 
їй 
= 


za 
88 
i 


н-к. Poeh | 


AFET 
i mm 
= 


zm 

183 TEN 
JN ШЕШ 
HER 

Su b 


Ж 
A га 
MEBEdAE 

ЕЕЕ 


EET 
til iin 


E 
Ep 
M 


Figure 18 


nance is called S, as it is based on respective ordinates. It 
is obvious that S, will be larger than S,. S, is approxi- 
mately S,Q where Q is the per cent. quality, or quality fac- 
tor as previously defined. 

As the circuit is made sharper, both the interference and 
the quality decrease. The ratio between quality and inter- 
ference is also given in the tables. Notice that for a given 
resistance circuit the ratio does change much with M, al- 
though increasing both with decreasing Ё and increasing 
number of stages. : 
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Jarvis: 

The second series of curves are those with a constant 
secondary resistance and varying mutual. Some of the 
values of mutual were chosen simply to make the amplifica- 
tion of the product stages equal. 

Several curves were made of product stages and the data 
given were calculated from the shape and area of these 
curves. The curves themselves are not given as they would 
add nothing to the discussion. 
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The curve 14 of Table 3 is very interesting. This was 
made with the first stage tuned to 2000 cycles above the 
signal frequency of 1,000,000, the second stage was resonant 
and the third stage was tuned 2000 cycles below resonance. 
This corresponds to a capacity variation of approximately 
4с, about that value to which most good variable condens- 
ers are held. The surprising thing is the fact that this curve 
is so little different from that of 13, where all stages are 
resonant. Apparently such a variation does not seriously 
affect the general characteristics. 

It would be unwise to leave the subject of selectivity 
without some mention of regeneration, for regeneration has 
long been considered one of the most satisfactory means of 
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station's interference. The ratio of the area of the desired 
station's signal (actual case, not ideal) to that of the inter- 
fering station is a measure of the selectivity of the circuit. 
In the tables following this selectivity factor is called S,, 
as it is based on the respective area. The selectivitv factor 
as defined in the first part of this paper, i. e., the ratio of the 
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The curve 14 of Table 3 is verv interesting. This was 
made with the first stave tuned to 2000 evcles above the 
signal frequency of 1,000,000, the second stage Was resonant 
and the third stage was tuned 2000 evcles below resonance. 
This corresponds to a capacity variation of approximately 
4, about that value to which most good variable condens- 
ers are held. The surprising thing is the fact that this curve 
is so little different from that of 12, where all stages are 
resonant. Apparently such a variation does not seriously 
affect the general characteristies. 

It would be unwise to leave the subject of selectivity 
without some mention of regeneration, for regeneration has 
long been considered one of the most satisfactorv means of 
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increasing the selectivity of a tuned radio frequency ampli- 
fying circuit. If it is assumed that all of the vacuum tube 
parameters are constant or linear functions of the grid 
voltage, it may be shown that the power fed back by the 
tickler is equal to that which would be drawn from the 
amplifier tube ahead if the tuned circuit resistance were 
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lowered. This fact has lead to the conception of regenera- 
tion as "negative resistance". It must be emphasized that 
the only basis for considering regeneration as the introduc- 
tion of negative resistance into the tuned circuit, lies in the 
truth of the above assumption. This assumption is far from 
true when the “negative resistance" approaches the positive 
resistance in value. However, at values of “effective resis- 


tance" large with respect to infinitestimal values, certain 
calculations may-be made without appreciable error. 


А resonance curve for the case of Curve No. 6 where 
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the effective resistance has been reduced to 0.1 of an ohm 
is plotted in Fig. 19. Notice that the low resistance of the 
secondary (constant mutual in both cases) does not produce 
decreased. interference, but only an increase in signal am- 
plitude, particularly in the range close to resonance. This 
of course increases the selectivity factor as previously de- 
fined, but also hurts the quality. These facts may or may 
not help the receiver, depending on other conditions. 


тее э so 40 80 «о чё omir B а 4 э @rsouw 


Fe ae ee ae me we ee Se Tees ЕКШ 
——— = = = 2er: 19 = 
Еі === < : pi sess citt 


r "i TL TI "i MT 
ШИП! тинт LJ Wm d ит! 
пани и i * "iuam ag и |! c LI ҮШ un Шаша 
iim он ИШ d tul 
ШШ Mite ТЕ L| ШШ mit Sen e miti i 
rmm "i vtt t 


ШИШЕ 
TH ШҮ à 1 НИН T4 
- iui е2 


itn 


| ag 
ШШШ ЕЯ ness 
EI Шр 


їй! 
T иши, Те 


ҮНҮ. | 
LLE HERE ER UR "т, niim 
LLERTITTHTIIL UE] L3 u 


Two other points should be considered as affecting the 
quality. The first is the phase shift of the side bands as 
they pass through the amplifier. The peak of the "beat" 
between the lower side band and the carrier will not coin- 
cide with the “beat” between the upper side band and the 
carrier. If the receiver is tuned to resonance, these audio 
beats are symmetrical with the resonant period and add to 
give a single peak which is identical in phase but decreased 
slightly in amplitude from the original. If the receiver is 
not tuned to resonance the audio components will be shifted 
slightly with respect to each other, but as shown by Fletcher 
and others, a phase shift of as much as a cycle does not seem 
to affect the ear. The phase shift can therefore apparently 
be neglected as affecting quality. 
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The second factor is the transient response of the circuit. 
The previous equations dealt only with a constant amplitude, 
continuously applied frequency. In broadcasting, the ampli- 
tude variation of each single frequency must be followed. 
If the decrement of the receiver is too low, the grid voltage 
will not be able to follow the amplitude variations of the 
signal. This problem has been considered in detail else- 
where and will not be stressed here. A typical case where 
L—300x10- hy, and R,—10 r was calculated and (neg- 
lecting additional damping of coupled plate resistance) it 
was found that only 0.00014 seconds were required to re- 
duce the grid voltage to 1% of its original value. The addi- 
tional damping of the coupled plate resistance brought this 
time down to about 0.00010 seconds, corresponding to a 
variation frequency of 10,000 cycles. As an alternating fre- 
quency current cannot well change in amplitude faster than 
its own frequency, and the lower limit shown above is ap- 
proximately 10,000 cycles, the quality of present day re- 
ceivers will not be much affected by this factor. 

A consideration of the three factors of amplification, 
selectivity and quality leads directly to an old problem of 
design. Shall each step or unit in the instrument be as near 
perfect as possible to make it, or shall one unit attempt to 
compensate for the deficiency of another? Many arguments 
can be advanced both ways. Certainly the ideal way would 
be to have each unit perfect in itself. Is this possible com- 
mercially ? | 

Fig. 20 shows the most interesting curve in this whole 
paper. The curve is the response curve for a well known 5- 
tube receiver, incorporating two stages of radio frequency 
amplification, a regenerative detector and two stages of 
audio frequency. The tuned circuits were designed, princi- 
pally by adjusting the secondary resistance and transformer 
mutual inductance, to be quite selective and still maintain 
good amplification. The audio transformers were somewhat 
better than the average, although beginning to fall at 200 
cycles and falling very rapidly below 90 cycles. Above 200 
cycles, the audio transformer curves were practically flat 
to 6000 cycles and then rose slightly to 9000 cycles where 
they cut off sharp. | 

The regeneration was not critically adjusted, yet served 
to keep the amplification at low frequency (at least to 40 
cycles) very good. Here was one case where peaked radio 
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frequency amplification compensated for poor audio ampli- 
fication. However, the sharpness of the radio frequency 
stages began hurting the audio response curve at about 500 
cycles. At 2000 cycles the response falls very fast and at 
4000 cycles no signal was obtained. The beautiful "flat" 
transformer characteristic above 500 cycles was absolutely 
useless. Considering 5000 cycles as the side band limit, the 
audio transformers should have had a peak at about 4000 
cycles. - 

This discussion shows that even the audio transformers 
affect materially the selectivity of the receiver, and based 
on present ideas in set construction and present type select- 
ing circuits, should never have a flat top characteristic. 
This point cannot be too strongly emphasized, for if we do 
not make each unit of our receiver almost perfect, there is 
no logic about only making one unit perfect. It is better 
to make one unit compensate for another, including every- 
thing from the antenna to the reproducing unit. This has 
always been the commercial way of getting results desired 
in the quickest time, and considering the engineering handi- 
caps is often the best way. | 

However, in the long run, the ideal way will prove the 
best; that of making each unit perfect. How shall this be 
done? If the answer were known it would be done now. One 
statement is clearly true, however. In the ideal receiver, 
selectivity, amplification and quality will be absolutely in- 
dependent. Selectivity may come through properly designed 
band pass filters. Amplification will be easily controlled 
by the operator and independent of frequency. With true 
aperiodic amplification, no phase distortion and high de- 
crement pickup circuits, quality will be perfect. The road 
ahead of the radio engineer striving to build the ideal re- 
ceiving set is long and hard. 


RADIO PHENOMENA RECORDED BY THE 
UNIVERSITY OF MICHIGAN GREENLAND 
EXPEDITION—1926 


Bv 
P. C. OSCANYAN, JR. 


(In Charge Expedition Radio) 


Radio, and especially short wave radio, has found its 
place in the plans of almost every expedition which has left 
the United States within the nast year, and because such 
radio equipment is being carried into the more or less inac- 
cessible places of the world we are learning that the ex- 
plored places are, in many cases, different from what we 
had expected. 

The University of Michigan Greenland Expedition of 
1926, directed and led by Prof. W. H. Hobbs, was the Ex- 
pedition of which I was a member and in charge of radio. 
The Expedition went in search of meteorological data, to 
lay down a base station for work in 1927, and, in connection 
with the latter work, to determine a proper location for a 
short wave radio station to communicate with the Schooner 
Morrissey and the United States. 

A base camp site was selected some 50 miles East of 
Holstensborg, on Maligiak Fiord, North of the Arctic Circle, 
Reference to the photograph will show that the camp was 
situated in the center of a natural bowl-like valley and it 
was close to the location of the tents that the radio station 
was first set up. Take careful note of the figures which are 
written in above the various high points which surround 
the camp. | 

At this point it is necessary that we digress for a 
moment. Last spring John L. Reinartz, in a speech before 
the A. R. R. L. Convention in New York City, brought to 
our attention, for the first time, the fact that when a radio 
receiving station which plans to work on wavelengths of 50 
meters or below is placed at the foot of a hill or mountain 
which is of a height greater than 17 degrees from the hori- 
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zontal of the station, then signals will be screened off from 
the receiver. 

It was with a view to testing this that the station was 
first established at that point. The results were so prompt 
that they were thoroughly convincing. In order that we 
might be doubly sure of the height of these high points we 


Photo by Prof. L. M. Gould 


Figure 1. Figures and arrows indicate heights of hills surrounding 
the station in the valley. 


(Mr. R. L. Belknap, Expedition Surveyor, and I) checked 
them with a theodolite which was placed midway between 
the mast and tne receiving set, a matter of some 25 feet. 
The angles given in the illustration are the angles thus ob- 
tained. 

Finding ourselves screened off from signals coming from 
the North, thus being cut off from the vessel which had 
taken us up and was to take us back after making arrange- 
ments by radio, and also being cut off from all but the most 
powerful short wave stations in Eastern and Central United 
States another location less sheltered was determined upon 
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for the radio station. It is interesting to note here that in 
all probability due to the clearing effect of the screening, 
high points stations in the western U. S., in an unscreened 
direction from us, and stations in Europe and even New 


Figure 2. Outline illustration of method of obtaining angles and the 
blocking of signals by the surrounding territory. 


Zealand, also in an unscreened direction, were logged hav- 
ing good strength whereas when our later location was 
reached these signals were, in all probability, drowned out 
by signals from stations closer by. 


qe 


Photo by Prot. L. M. Gould 


Figure 3. Cross at extreme left indicates location of Station on Point 
of land 100 ft. high and projecting out into fiord. 


Relocating our station at point B, named Radio Point, 
gave a prompt and satisfving return to what would be the 
normal condition expected for that locality. It would also 
appear that static in that part of the world is the overflow 


128 Oscanyan: Radio Phenomena Recorded by University of Michigan 


from the more harassed lower latitudes, it not being present 
in sufficient quantity to cause notation in my log until after 
we had shifted our station to the higher point. 

Another interesting point of note is that the distance 
within which “brute force" signals may be heard is greatly 
increased at sea. By brute force signals, I mean the sig- 
nals which may be received from a short wave transmitter 
within a limited area surrounding the station. The rad- 
iated waves which follow the earth or sea surface die 
out within a comparatively short distance due to absorption. 


Figure 4 


The thing. which these experiments bring most forcibly 
to my mind is that such a critical angle of screening of 
short wave signals rather sets at odds the theory laid down 
by Dr. A. H. Taylor that there is a secondary, or even ter- 
tiary skip distance. The angle at which these short waves 
are screened out, noints, as Mr. Reinartz has shown me, 
{о the angle of refraction of light on pure water. 

Now it is a known fact that dry air is heavier than 
moist and that as we ascend in the atmosphere there is 
more and more moisture present so that when the level of 
the cirrus cloud is reached we find that they are moisture 
frozen to minute ice particles, (such at least is the general 
condition). It is also true that this moist band of atmosphere 
experiences a diurnal change and is higher at the equator 
than at the poles, all of which would seem to point to the 
hypothesis that, if this 17 degree angle is at all significant 
it would warrant the assumption that high frequency radio 
signals are reflected by this moist and ionized upper atmos- 
phere. 

If the foregoing is true, then it would seem that unless 
the signal struck a reflecting surface of like character, 
when it reached the earth, it would never be sufficiently re- 
flected so that it might rise again through the atmosphere 
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to the Kennelly-Heaviside layer with sufficient strength to 
permit it to again appear at another point on the surface 
of this earth. 

The popular idea that there is no static in the Arctic 
will receive a setback when the static audibility graph given 
herewith is consulted. I would greatly appreciate it if any 


Photo by Prof. L. M. Gould 


Figure 5. Radio station on the Point. Shelter tent housing apparatus 
and operator. Mast is sectional bamboo 35 ft. high. View N. W. 


among those who read this article can give me any infor- 
mation as to whether the high audibility static on certain 
dates either precedes, accompanies, or follows, static of the 
same or greater intensity elsewhere in the world. A com- 
parison of static recordings daily during the period shown 
would be of great interest to me. 

As mentioned before, there is to be another expedition 
next year and it is planned to remain up there all during 
the winter of 1927-28. I appreciate that this will be an ex- 
cellent opportunity for me to cooperate with anyone who 
wishes to collect comparative data or would like to suggest 
some particular field of radio for us to explore, since the 
radio station is to be a part of the expedition all during that 
time. 

The antenna system consisted of a single wire 40 feet 
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long suspended from a sectional bamboo mast 35 feet high. 
This mast was of 2 inch bamboo and in 5 foot sections, for 
strength and portability, guyed with stranded antenna wire, 
Pyrex insulators, and steel tent pegs. The counteerpoise con- 
sisted of 3 wires each 20 feet long, No. 14 rubber covered, 
laid out fanwise on the ground. 


Photo by Prof. L. M. Gould 


Figure 6. Looking North over the Station on the Point. Shelter tent 
rolled back to show method of housing and operation. 


The receiver was especially made for the expedition 
by the Burgess Laboratories at Madison, Wis. The trans- 
mitter was a homemade one emnloying two Cunningham 
CX301A tubes. Using only 200 volts on the plates of these 
tubes we were able to communicate over distances greater 
than 1000 miles. The receiving circuit was a modified Rein- 
artz, the transmitting circuit was a shunt feed Hartley. 
Detector and one step a. f. were sufficient for reception. 


PUNCTURE DAMAGE THROUGH THE GLASS WALL 
OF A TRANSMITTING VACUUM TUBE" 


BY 
YUJIRO KUSUNOSE 


(Blectrotechnical Laboratory, Hunisky of Communications, Tokyo, Japan) 


INTRODUCTION 


Puncture damage through the glass wall has rarely been 
met with radio transmitting vacuum tubes which are under 
operation at ordinary long wavelengths. However since 
Short wave radio has recently come into use, frequent occur- 
rence of this damage has been noted, which leads us to sus- 
pect the existence of some special causes other than those 
previously known (such as insulation breakdown of the 
glass wall or melting of the glass due to high ohmic losses 
at high temperature.) The causes have been investigated 
by the writer and are attributed to the dielectric loss in 
glass, as described below. : 


TYPE OF DAMAGE 


The phenomenon was first encountered at the Hiraiso 
Branch Office of the Laboratory, when the Marconi valve 
MT-4 (anode 10 kv. 200 w.) was being used as a short- 
wave oscillator. That such a damage is due to dielectric 
loss may be seen from the conditions of its occurrence, viz., 
(1) the punctures always appear somewhere on the neck 
of the glass bulb on the side of grid stem, and marks of 
softening are observed on the glass wall around that part 
(Fig. 1), which may be considered to be region of most in- 
tense radio frequency electric field, and (2) the breakdown 
occurs at the instant when operating efficiency is high and 
anode loss rather low. 


THEORETICAL CONSIDERATIONS 


In the first place, the matter will be considered from the 
theoretical point of view and thus it will be found that the 
*Received by the Editor, March 14, 1927. 
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softening of glass is due to dielectric loss. When a tube is 
oscillating, the anode and grid voltages are always opposite 
in sign, and therefore radio frequency alternating potential 
difference amounting to 10 kilovolts may exist between the 
two electrodes. Assuming the distribution of electric field 
built by the potential difference as depicted in Fig. 2 which 


Figure 1 


shows the construction of above mentioned valve MT-4, the 
most intense field may be supposed to exist around the neck 
of the bulb marked b, and is calculated to be of the order of 
1 kv. /ст. 
The dielectric loss in glass as approximately 
W=k Е f watts / ст" 

where F is the field strength in kv./cm. mentioned above, 
f the frequency in kilocycles, and k the factor depending on 
the material. The value of k for lead glass as used in the 
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valve MT-4 has been found to be k=19X10-, and assuming 
f=15X10 ke. (A=20m.) the loss at the above-mentioned 
part of the glass wall may be calculated from the formula 
to be 0.36 watt//cm'. The thickness of the glass being 0.17 


Figure 2 


em. the loss per unit of surface area becomes 0.061 
watt /cm'.. 

The temperature rise on this part of glass wall may be 
roughly estimated in the following manner. Under full 
load conditions, the valve MT-4 consumes 80 watts in the 
filament and dissipates 200 watts in the anode, and thus 
280 watts in total are radiated as heat through the whole 
glass surface of 450 cm’; i. е. 0.62 watt //cm? is radiated in 
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average. Assuming the fraction of the heat to be ab- 
sorbed by the glass out of the radiation to be 20%, 0.12 
watt /cm* will be lost in the glass. Actual observation under 
the same load condition has shown that the temperature of 
the glass wall reached 100 to 160°C. 

Now that a dielectric loss of the order of 0.06 watt /cm’ 
is added to the above under conditions of short wave opera- 
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tion at full load, the final temperature may be estimated to 
reach 200°C or thereabout. This is, however, somewhat 
lower than the softening point of the glass (about 400°C) 
and cannot, therefore, explain the damage. 

The above reasoning is based on the assumption that di- 
electric loss is independent of temperature. But this may 
not be the case; and therefore the variation of the factor k 
with temperature has been observed and the following re- 
sults were obtained which show that the dielectric loss in- 
creases very rapidly with temperature at the higher tem- 
peratures. 


Temp. | 20 60 100 140 170 200 °C 
k | 19 20 24 ol 43 69 X10- 


From these measurements the softening of the glass may 
be explained in the following wav. In Fig. 3 the abscissae 
represent the temperatures of the part of the glass wall 
under consideration, and the ordinates the amounts of 
power loss that take part in heating the glass. The heat 
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radiated from the electrodes and absorbed in the glass is 
independent of temperature, and may be represented by a 
horizontal line A (0.12 watt /cm’.) 

The dielectric loss in the glass is 0.06 watt//cm' at room 
temperature, but increases with temperature in proportion 


Figure 4 


to the value of k in the above table. This may be repre- 
sented by a curve B. Thus the total amount of power heat- 
ing the portion of the glass is the sum of A and B which 
makes the “loss line" C. ps 

On the other hand, the amount of heat which escapes 
from the glass wall increases with temperature. The dotted 
lines which are nearly straight represent these "cooling 
lines”. The less effective the cooling, the less will be the in- 
clination of the line. 


Figure 5 


The final temperature reached by the glass is then indi- 
cated by an intersecting point of the “loss line" with the 
“cooling line", as shown D in Fig. 3; but if cooling is so 
poor that the "cooling line" does not at all meet the “loss 
line" such as E in the figure, the loss in the glass is by no 
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means fully dissipated and the temperature rises indefin- 
itely, and softening or melting of the glass eventually takes 
place. As a consequence of this cumulative effect and the 
lack of uniformity in heating and cooling of glass, some part 
of the glass begins to melt, which results in a puncture be- 
cause of external air pressure. 


EXPERIMENTS 
1. The valve MT-4 was suspended horizontally and a 
radio-frequency voltage of 5,000 V. at 2,500 kilocycles was 
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applied between the anode and grid, the filament not being 
lighted. The temperature of the glass bulb increased and 
finally attained the distribution illustrated in Fig. 4, the 
temperature around the neck of the bulb being the highest 
and reaching about 100°C. When the bulb was shielded by 
two sheets of tin foil connected electrically as shown in Fig. 
5, no heating of this part could be perceived. 

2. The same valve was put into operation as a short 
wave transmitter, and the temperature at a point on the 
neck of the bulb was measured. The data are plotted in Fig. 
6. When the tube was oscillating at short wavelengths, the 
temperature rose quite high and sometimes had a tendency 
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to increase rapidly, even beyond 300°C, which would indi- 
cate the likelihood of damage resulting from continuation of 
operation. 


PREVENTION OF DAMAGE 


As the cause of the damage has been found to be the di- 
electric loss in glass, it is simply remedied; and a knowledge 
of the causes of puncture will also be helpful in securing 
high efficiency of operation. 

The methods of prevention may be summarized as fol- 
lows: 

A. On operation of the tubes: 

1. Thoroughly cool that portion of the glass wall which 
is likely to be exposed to intense radio-frequency electric 
fields. 

2. Shield the glass wall electrostatically so as to prevent 
any portion of it from being exposed to an extremely in- 
tense electric field. 

3. Carefully support the tube so that no part of supports 
may prevent meeting the above conditions. 

4. Lower the anode voltage and output load from the 
rated values suitable for operation at long wavelengths to 
values which will keep the temperature of the portion 
within safe limits. 

B. On designing of the tubes: 

1. Use low-loss and heat-resisting material for the bulb. 

2. Choose such shapes of the bulb and electrodes that 
Strong stray electric field may not reach the walls. 

3. Electrostatically shield the electrodes so as to avoid 
Stray electric fields extending to the glass wall. 

C. On manufacturing the tubes: 

Continue evacuation of the tube after the usual bom- 

bardment, operating it meanwhile as a short wave oscillator. 
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DISCUSSION ON 
FIELD DISTRIBUTION AND RADIATION RESIS- 
TANCE OF A STRAIGHT VERTICAL UNLOADED 
ANTENNA RADIATING AT ONE OF ITS. 
HARMONICS" (5. A. LEVIN AND C. J. YOUNG) 


O. C. Roos: Two names stand out in the early work on 
antenna radiation at shorter than fundamental wave- 
lengths: John Stone Stone of Boston, and F. Hack, a Ger- 
man. Since neither of these early investigators was men- 
tioned in the paper of Messrs. Levin and Young in Vol. 14, 
No. 5, of the Proc. of the I. F. E., the present memorandum 
is undertaken as a contribution to the history of the early 
aspects of the subject. 

Stone was the first investigator to study the radiations 
of a simple ungrounded antenna, taking into account the 
image of this antenna. In doing this he introduced the then 
comparatively new operational method of handling differ- 
ential equations, discovered by Oliver Heaviside, from whom 
he received a grateful letter of thanks. 

I had the privilege of reducing the latter part of this 
work to a form suitable for engineering use and in particu- 
lar the differential equations for a receiving antenna, first 
given out at St. Louis in 1904. Their solution in 1907 by 
myself showed the possibility of the receiver vertical, vi- 
brating at harmonics which were even multiples of 1, 3, 5, 
etc. As was shown in 1902 by Stone, a transmitter could not 
vibrate at any even multiple of its fundamental frequency. 

The problem of radiation was considered by Stone to be 
that due to a double sheet of oscillating current elements of 
different length. One sheet was below the ground and was 
the image of the other. This was the first treatment of an 
oscillating Hertz “image” and was made public in the Elec- 
trical Review of October 15, 1904 and applied publicly on 
July 4, 1908 in a “Review” paper on “The Resistance Equi- 
valent of Radiation.” 
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In this paper the field at a distance of 200 or more wave- 
elngths, was obtained as is shown in Fig. 1. 

In Fig. 1-A we have a Marconi wire a-t as a simple 
radiator driven at the base by a radio frequency alternator 
with one lead grounded. Thé frequency is 3/2 of the fun- 
damental, hence a d wave is 2 ^ 3 the antenna пе 
ог с-{. 

If the current at the базе 18 called ünib iod: is pro- 
portional to the horizontal a-b, then the maximum current 
at CD is proportional to cosecant 2/3 of 90 degrees or csc 


B 


Figure 1 


60 degrees. It is 1.16 approximately or 16% greater than 
the current at the base of the antenna. 

In Fig. 1-B both the Marconi wire and its image a-ti are 
shown with their identical current distributions—both posi- 
tive or adding their effects in producing radiation. How- 
ever, at a great distance from “а” these effects are assumed 
quite practically, to be equal. 

The field strength at a distant point is nearly doubled by 
the image and hence the mathematical determination of this 
field can be carried on by considering the current solely 
in the real Marconi wire and not in its image also. 

By taking the energy flow at any point above ground, 
we quadruple it to get the total energy flow due to the Mar- 
coni wire and its image, since doubling the field quadruples 
the energy but the assumed perfectly reflecting and there- 
fore isolating earth surface, halves this amount. This treat- 
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ment of course, fails, close to the antenna, between say и, 
wavelength and 10 wavelengths, but these distances are of 
no importance. : 

Stone and myself treated the Marconi wire as an un- 
limited number of Hertz *doublets" each carrying the same 
infinitesimal current element “di” but each one having a 
length proportional to the ordinate of the current curve 
4-d-t at any point along a-4 in Fig. 1-C. This figure is shown 
for simplicity with 6 current elements, each having a value 


Figure 2 


of 14 of the unit current a-4 at the base of the Marconi 
wire. 

The "length" of these currents as compared to the Mar- 
coni wire length a-t is given by the average of a-t and 1-1, 
11-22, 22-33, 33-44, 44-55, 55 and the average of 55 with 
Zero. Integrating an infinite number of these “current 
doublets” we had an oscillating “current sheet", composed 
of an infinite of oscillating undamned current elements of 
length from 0 to the full height of the Marconi wire. 

By dividing the field produced at a distant point as a re- 
sult of the action of all these “elementary” oscillators by the 
unit current we got the average field strength produced by 
a single Hertz doublet with unity current and height equal 
to that of the Marconi wire. This is the concept known as 
the “effective height” of an antenna. 

Where Stone differed from recent mathematicians in 
treating these higher frequencies, is in the fact that he did 
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not contemplate current excitation at a loop of current or 
voltage excitation at a loop of potential by external means. 
All transmitter excitation was calculated on the basis of 
forced continuous wave voltage at the antenna base. 

In embodying his work in 1905 and 1906 on practical 
receivers, I discovered that on the above basis of operation 
a transmitting antenna had infinite resistance as well as 
infinite reactance at even multiples of the fundamental fre- 
quency, since the current maximum was theoretically 
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without limit relative to the antenna current at the base 
at such frequencies—if increased voltage was available to 
keep. the base current constant. This made antenna resis- 
tance a periodic function, under the conditions above given. 

When the frequency is an odd multiple of the fundamen- 
tal value, the resistance equivalent of radiation becomes a 
simple odd multiple of that at the fundamental, e. g. 40-120- 
200 etc. ohms approximately, not allowing for azimuthal 
effects, as these were of no interest then. We had not then 
learned to “carom” on the electron cushion of the radio 
vault in order to play “celestial billiards”—in skipping 
oceans and lesser obstructions. 


HACK’S WORK 


Coming now to the upper multiple frequencies of the 
Marconi wire, such as the 5th etc. we find interesting fac- 
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tors bearing on Messrs. Levin and Young’s paper. Refer- 
ence may be had to F. Hack, Am. Phys. Band 14, p. 539, 
1904 and Band 18, p. 634, 1905, for details of Hack’s work. 

What Hack showed was that in a Marconi antenna, as 
shown in Fig. 2—vibrating at its quintuple “free” or un- 
loaded frequency—we have 2 complete sets of “free” waves 
from the segments t-3 and 3-1 respectively and a half of 
sliding wave from the segment a-1. From the properties of 
the electromagnetic field these “contacting” waves mutually 
repel each other and the top ones are forced further up- 
wards on their way outward. 

What is interesting to consider is this: Since these par- 
tial but self-sustaining harmonic radiations do not merge 
into each other, their energy equivalents should be ex- 
pressed at the antenna base by a system of purely additive 
scalar resistances. In other words, if the resistance equi- 
valent of the segment 1-а which is at its fundamental or 
“free” frequency—is about 40 ohms, then both segments 
1-3 and 3-4 add 80 ohms respectively to the radiation resis- 
tance, making a total of about 200 ohms at a distant point 
near the equatorial or earth plane. 

This seems to sustain my noint of view in the July 4, 
1908 Radio Review article that with constant current at 
the base the resistance equivalent of radiation varies with 
frequency approximately as the ordinates of Fig. 3. 

It may be possible to bring to light these old records with 
Mr. Stone’s nermission. These results with Prof. Howes’ 
recent work along the same general lines as Messrs. Levin 
and Young have so painstakingly worked out may well clear 
up any discrepancies which appear in tests of these theories. 
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By 
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Patent Lawyer, Ouray Building, Washington, D. C.) 


1,612,835—INTERMEDIATE ELECTRODE IN INCANDESCENT CATHODE 
TUBE—WALTER SCHOTTKY, Wurzburg, Germany. Filed Aug. 30, 
Po issued Jan. 4, 1927. Assigned to Siemens & Halske Aktiengesell- 
schaft. 


1,612.9092—RADIOCONDENSER—C. V. BATES, Chicago, Ill. Filed April 16, 
1925, issued Jan. 4, 1927. Assigned to Cinch Mfg. Corp. 


1,612,952—RADIO RECEIVING APPARATUS—G. H. STEVENSON, New 
York. М. Y. Filed Aug. 24, 1921, issued Jan. 4, 1927. Assigned to Western 
Electric Co., Ine. 


1,613,032—VARIABLE CONDENSER—C. F. GOUDY, Flushing, N. Y. Filed 
Oct. 30, 1924, issued Jan. 4, 1927. Assigned to Pacent Electric Co., Inc. 


1,613,0$8—CONDENSER CONTROL FOR RADIOS—W. а. DUNN, Clarinda, 
Ia. Filed March 3, 1926, issued Jan. 4, 1927. 


1,613,333—LOOP AERIAL—J. McW. STONE, Chicago, Ill. Filed Oct. 31, 1923, 
issued Jan. 4, 1927. Assigned to Operadio Corp. 


1,16013,503——ELECTRON TUBE—W. DAUMANN, Hamburg, Germany, Filed 
Jan. 16, 1923, issued Jan. 4, 1927. Assigned to C. H. F. Muller. 


1,613,607—COMPENSATING NETWORK FOR CARRIER TRANSMISSION 
CIRCUITS—H. FLETCHER, New York, N. Y. Filed Sept. 29, 1924, 
issued Jan. 11, 1927. Assigned to Western Electric Co. 


1,613,2791—12LECTRON TUBE CONSTRUCTION—M. B. FORRESTER, Phila- 
delphia, Pa. Filed Apr. 11, 1925, issued Jan. 11, 1927. Assigned to J. S. 
Timmons, Inc. 


1.613,812—ELECTRON DISCHARGE DEVICE—ROBERT W. KING, New 
York City. Filed August 14, 1919, issued Jan. 11, 1927. Assigned to 
Western Electric Co. 


1,613,626 -SPACE DISCHARGE SYSTEM—J. J. VA 
City. Filed Oct. 30, 1918, issued Jan. 11, 1 
Electric Co. 


1,613.630—V ACUUM TUBE—P. M. WATROUS. Jersey City. N. J. Filed Nov. 
25, 1919, issued Jan. 11, 1927. Assigned to Western Electric Co. 


1,613,?709—ELECTRIC SPARK САР—С. L. A. M. LEBLANC. Paris, France. 
Filed Apr. 18, 1923, issued Jan. 11, 1927. Assigned to Societe Anonyme 
Pour L’ Exploitation Des Procedes Maurice Leblanc-Vickers. 


1,613,733—-RADIO SIGNAL CIRCUITS—A. H. TAYLOR, Washington, D. C. 
Filed Jan. 7, 1925, issued Jan. 11, 1927. Assigned to Wired Radio, Inc. 


1,614,113—ELECTRIC CONDENSER—P. R. FORTIN, Schenectady, N. Y. 
Filed May 13, 1925, issued Jan. 11, 1927. Assigned to General Electric Co. 


1,614.154A—ELECTRON DISCHARGE APPARATUS—O. W. PIKE, Schenec- 
ed N e: Filed Mar. 2, 1925, issued Jan. 11, 1927. Assigned to General 
ectrie Co. 


1,614,428-VARIABLE CONDENSIZR—F. О. HARTMAN, Mansfield, О. Filed 
ee AE 1925, issued Jan. 11, 1927. Assigned to Hartman Electrical 
Ifg. Co. 


Y DER BIJL, New York 


92 Assigned to Western 
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1,614,455—RADIO RECEIVING SYSTEM—O. E. CURTIS, Pittsford, N. Y. 
Filed May 3, 1923, issued Jan. 15, 1927. 


1,614.459-— ELECTRICAL CONDENSER—W. T. DITCHAM, Colchester, Eng- 
Jand. Filed Apr. 19, 1923, issued Jan. 18, 1927. Assigned to Radio Corp. 
of America. 


1,614,462——TH ERMIONIC DEVICE—H. M. DOWSETT, Colchester, England. 
Filed Nov. 12, 1920, issued Jan. 18, 1927. Assigned to Radio Corp. of 
America. 


1,614,484—COLLAPSIBLP LOOP AERIAL—M. MATHIESEN, Chicago, Ill. 
Filed Aug. 1, 1925, issued Jan. 18, 1927. Assigned to Mathiesen Sand- 
о Со. 


1,614,494—CIRCUIT ARRANGEMENT FOR GENERATING OSCILLATIONS 
—H. RUKOP, Berlin, Germany. Filed Dec. 27, 1922, issued Jan. 18, 1927, 
Assigned to Gesellschaft fur Drahtlose Telegraphie. 


1,614,671—AUTOMATIC ANTENNA SYSTEM—J. Н. HAMMOND, JR., Glou- 
cester, Mass. Original filed July 9, 1920; Division filed Dec. 2, 1922, issued 
Jan. 1 А 


1,614,762—HIGH POTENTIAL ELECTRICAL APPARATUS—J. А. PROC- 
TOR, Lexington, Mass. Filed Dec. 12, 1923, issued Jan. 18, 1927. 
Assigned to Wireless Specialty Apparatus Co. 


1,614,902— VARIABLE CONDENSER—J. SCHOLTZ & а. W. SUNDAY, 
Philadelphia, Pa. Filed Feb. 13, 1925, issued Jan. 18, 1927. 


1,614,990—RADIOSIGNALING ANTENNA SYSTEM—P. О. PEDERSEN, 
Fredericksberg, Germany. Filed July 21, 1921, issued Jan. 18, 1927. 


1,615,0933—HIGH VACUUM SPACP DISCHARGE DEVICE AND GAS ACCU- 
MULATOR THEREFOR-—F. S. McCULLOUGH, Wilkinsburg, Pa. Filed 
Sept. 17, 1923, issued Jan. 18, 1927. 


1,615,224—-CHOK E COIL AMPLIFICATION UNIT—EDWARD E. HILLER, 
Bloomfield, N. J. Filed Apr. 30, 1926, issued Jan. 25, 1927. 


1,615,468a—ANTIMICROPHONIC SHIELD FOR ELECTRON TUBES—LES- 
LIE R. McDONALD, Montreal, Quebec, Canada. Filed July 6, 1926, 
issued Jan. 25, 1927. 


1,615,645—COMBINPD RADIO SENDING AND RECEIVING SYSTEM— 
ALEXANDER NYMAN, Wilkinsburg, Pa. Filed July 15, 1920, issued 
Jan. 25, 1927. Assignee Westinghouse Electric & Mfg. Co. 


1,615,808—VACUUM TUBE CIRCUITS—MARIUS LATOUR, Paris, France. 
Filed Aug. 19, 1921, issued Jan. 25, 1927. Assignee Latour Corporation. 


1,615,6541— VACUUM TUBE STRUCTURE AND METHOD OF ASSEMBLING 
THE SAME—M. Н. RYDER, of Wilkinsburg, Pa. Filed Nov. 7, 1922, 
issued Jan. 25, 1927. Assigned to Westinghouse Electric & Mfg. Co. 


1,615,660—VACUUM TUBE OSCILLATOR—J. SLEPIAN, Swissvale, Pa. 


Filed Feb. 26, 1921, issued Jan. 25, 1927. Assigned to Westinghouse 
Electric & Mfy. Co. 


1,615, 712—5Y STEM OF NAVIGATION AND PLANT FOR CARRYING IT 
OUT —W. A. LOTH, Paris, France. Filed Feb. 27, 1925, issued Jan. 25, 
1927. Assigned to Societe Industrielle des Procedes W. A. Loth. 


1,615,755—LOOP ANTENNA-F. GRAUE, Washington, D. C. Filed Nov. 11, 
1925, issued Jan 25, 1927. Assigned to George T. Kemp. 


1,615,896— HIGH FREQUENCY SIGNALING SYSTEM—H. А, AFFEL, 
Brooklyn, М. Y. Filed Dee, 15, 1922, issued Feb. 1, 1927. Assigned to 
American Telephone and Telegraph Company. 


1,615,913—RADIO DIRECTION FINDING SYSTEM—H. S, OSBORNE, Mont- 
clair, N. J. Filed Dec. 6, 1920, issued Feb. 1, 1927. Assigned to Ameri- 
can "Telephone & Telegraph Company. 


1,615,.958— ELECTRON DISCHARGE DEVICE—P. SCHWERIN, New York, 
М. r Filed Dec. 15, 1923, issued Feb. 1, 1927. Assigned to Western Elec- 
tric Co. 


1,616, 010—DE STRUCTION OF THE BLECTRICAL CONDUCTIVITY OF 
FILMS—C. T. ULREY, East Orange, N. J. Filed Jan. 3, 1923, issued 
Feb. 1, 1927. AMARE to W estinghouse Lamp Co. 


1,616,098 —VARIABLE CONDENSER FOR RADIOCIRCUITS—F. W. STEIN, 
Atchison, Kan. Filed May 2, 1924, issued Feb. 1, 1927. 
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1616.176—VIBRATION ABSORBER FOR RADIO TUBES—H. A. BREMER, 
Chicago, Hl. Filed Nov. 7, 1925, issued Feb. 1, 1927. 


1,616,214—VACUUM TUBE—J. L. BROWN, Long Beach, Cal. Filed May 5, 
1922, issued Feb. 1, 1927. 


1,616,139—BLECTRON DISCHARGE DEVICE—V. L. RONCI, Brooklyn, N. Y. 
Filed Feb. 21, 1925, issued Feb. 1, 1927. Assigned to Western Electric Co. 


1,616,1841—ELEX*"'TRON DISCHARGE DEVICE—T. R. GRIFFITH, Dover. М, 
J. Filed Oct. 29, 1923, issued Feb. 1, 1927. Assigned to Western Elec- 
tric C'o. 


1,616,6222— OSCILLA TION GENERATOR WITH AUTOMATIC FREQUENCY 
CONTROL—J. W. HORTON, B'oomtíield, N. J. Filed May 21, 1923, issued 
Feb. 8, 1927. Assigned to Western Electric Co. 


1.,616,8922—2DUPLEX RADIO SYSTI2M—L. ESPENSCHIED and DE LOSS K. 
MARTIN, of Hollis, N. Y., and Orange, N. J. respectively. Filed Aug. 18, 
1922, issued Feb. 8, 1927. Assigned to American Telephone & Tele- 
graph Co. 


1,616.911—ELECTRON DISCHARGE DEVICTE—A. MAVROGIZNOS, Milwau- 
kee, Wis. Filed Jan. 15, 1926, issued Feb. 8, 1927. 


1,616,923—INTERFERENCE REDUCING MEANS FOR RADIO RECEIVING 
APPARATUS—R. Н. RANGER, Brooklyn, N. Y. Filed Dec. 28, 1922, 
issued Feb. 8, 1927. Assigned to Radio Corp. of America. 


1,617,923—AFERIAL—J. YE. MONTELIUS, Los Angeles, Cal. Filed Dec. 27, 
1924, issued Feb. 8, 1927. 


1,617,171 —METHOD AND APPARATUS FOR THE RECTIFICATION OF 
ALTERNATING CURRENTS—C. G. SMITH, of Medford, Mass. Filed 
Oct. 8, 1920, issued Feb. 8, 1927. Assigned to Raytheon Mfg. Со. 


1.617.172—PRODUCTION OF ELECTRICAL VARIATIONS—C, G. SMITH, 
of Medford, Mass. Filed Oct. 8, 1920, issued Feb. 8, 1927. Assigned to 
Raytheon Mfg. Co. 


1.617,173—PRODUCTION OF ELECTRICAL ENERGY VARIATIONS—C. а. 
SMITH, of Medford, Mass. Filed Oct. 20, 1920, issued Feb. 8, 1927, 
Assigned to Raytheon Mfg. Co. 


1,617,174—ELECTRICAIL APPARATUS AND MWETHOD-—C. G. SMITH, of 
Medford, Mass. Filed Apr. 25, 1921, issued Feb. 8, 1927. Assigned to 
Raytheon Mfg. Co. 


1,617,175—IZLLECTRICAL APPARATUS—C. G. SMITH, of Medford, Mass. 
Filed Apr. 25, 1921, issued Feb. 8, 1927. Assigned to Raytheon Mfg. Co. 


1,617.176-—-ELECTRICAL APPARATUS—C.. G. SMITH, of Medford, Mass. 
Filed May 3, 1921, issued Feb. 8, 1927. Assigned to Raytheon Mfg. Co. 


1.617,177 — PRODUCTION OF ELECTRICAL VARTIATIONS—C, G. SMITH, 
of Medford, Mass. Filed May 3, 1921, issued Feb. 8, 1927. Assigned to 
Raytheon Mfg. Co. 


1,617,178S— ELECTRICAL APPARATUS—V. BUSH, of Chelsea, Mass. Filed 
Oct. 27, 1921, issued Feb. 8, 1927. Assigned to Raytheon Mfg. Co. 


1.617.179——ELECTRICAL APPARATUS—C. G. SMITH, of Medford, Mass, 
Filed Dec. 31, 1921, issued Feb. 8, 1927. Assigned to Raytheon Mfg. Co. 


1.617,180——ELECTRICAL APPARATUS-C. G. SMITH. of Medford, Mass, 
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1.616.832 CONDENSER—R. С. SPRAGUE, of Quincy, Mass. Filed Sept. 18, 
1925, issued Feb. 8, 1927. 
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INSTITUTE ACTIVITIES 


PRELIMINARY REPORTS OF I. R. E. STANDARDIZATION 
SUBCOMMITTEES 


The preliminary drafts of reports of three of the Sub- 
committees of the Standardization Committee have been 
compiled and are now available in printed form for distri- 
bution to interested members and non-members of the 
Institute. 

These reports have been submitted by the Subcommittee 
on Vacuum Tubes, Receiving Sets and Electro-Acoustic 
Devices. 

It is desired that a copy of these reports be placed in the 
hands of every person interested in radio standardization 
in order that comments and criticisms may be made before 
the reports have been acted upon by the Standardization 
Committee. 

A copy of the reports will be mailed promptly upon 
application to the headquarters of the Institute. 


May MEETING OF BOARD OF DIRECTION 


At the meeting of the Board of Direction of the Institute 
held on May 4, 1927 the following were present: Dr. Ralph 
Bown, President; Dr. A. N. Goldsmith, Secretary; W. F. 
Hubley, Treasurer; Donald McNicol, Junior Past President; 
Melville Eastham, L. A. Hazeltine, R. A. Heising, J. V. L. 
Hogan, R. H. Manson, R. H. Marriott, L. E. Whittemore and 
J. M. Clayton, Assistant Secretary. 

The following Associate members were transferred to 
the grade of Member: F. Cheyney Beekley, Donald G. Little 
and J. A. J. Cooper. | 

Trinidad Matres was elected to the grade of Member. 

One hundred and seventeen Associates and tw enty-five 
Juniors were elected. 
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458 Institute Activities 
NEW YORK MEETING OF THE INSTITUTE 


At the May meeting of the Institute held in the Eng- 
ineering Societies Building, 33 West 39th Street, New York, 
on May 4, 1927 two papers were presented.’ 

The first one, by Dr. Irving Wolff and A. Ringel, on 
“Loud Speaker Testing Methods" was presented by Dr. 
Wolff. This paper was illustrated by lantern slides. Copies 
were also available in preprint form. 

The second paper was “Оп Quality of Speech and Music”, 
presented by J. B. Kelly. Demonstrations to the effect of 
dropping frequencies from voice and music were given. 

`- The papers were discussed by Messrs. Bown, Herbst, 
Frederick, Maloff, Fletcher, Vreeland, Furness, Minton, 
Cutting, Austin, Ringel, Wolff and others. ` 

The attendance at this meeting was over three hundred 

and fifty. | | 


NO JULY AND AUGUST INSTITUTE MEETINGS 


There will be no meetings of the Institute during the 
months of July and August. The Institute offices will be 
open as usual, however, for the transaction of Institute 
business. 


News of the Sections 


PHILADELPHIA SECTION 


The March meeting of the Philadelphia Section was held 
on the 25th of the month in the Bartol Laboratories, Phila- 
delphia. J. C. Van Horn was the presiding officer. 

A paper was presented by W. W. Knight on, “Тһе Re- 
juvenation of Composite Radio Broadcasting Stations". 
This paper was discussed by many of the members. 

The attendance at this meeting was over one hundred. 

The April meeting of the Philadelphia Section was held 
in the Bartol Laboratories on April 22nd. J. C. Van Horn 
was the presiding officer. 

Roger W. Barrington, Jr. read a paper, “Development 
of the Radio Receiver". This paper was discussed by R. S. 
Milne, R. L. Snyder and others. 

The attendance was one hundred and twenty-five. 
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Following the meeting an inspection of the Bartol Lab- 
oratories was made by the members. : 

The next meeting of the Philadelphia Section will be 
held on May 27th in the Bartol Laboratories. Professor 
Charles Weyl of the University of Pennsylvania will deliver 
a paper entitled, “Reproduction of Sound". 


CLEVELAND SECTION 


The Cleveland Section held a meeting in the Case School 
of Applied Science on April 22nd. Ralph E. Farnham pre- 
sided. 

Two papers were presented. The first on, “Transmission 
of Pictures by Wire" was by R. S. Breese of the American 
Telephone & Telegraph Company. 

The second by John A. Victoreen of the Victoreen Re- 
search Laboratories was on, “Photo Electric Cells". 

The two papers were discussed by the members present. 
There were fifty-nine members in attendance. 

The next meeting of the Cleveland Section will be held 
on May 26th in the Case School of Applied Science at which 
time W. C. Blackburn of the Western Electric Company 
will deliver a paper on “High Quality Reproduction". 


CANADIAN SECTION 


On May 4th a meeting of the Canadian Section was held 
in the Electrical Building of the University of Toronto. D. 
Hepburn presided. 

A paper on *Electrolytic Condensers for 'A' Current Fil- 
ters" was read by C. I. Soucy. This paper was presented by 
E. F. Andrews before the Chicago Section on February 25, 
1927. 

The result of the annual general meeting of the Section 
in the election of new officers of the Section is as follows: 
Honorary Chairman, Professor T. R. Rosebrugh; Chairman, 
A. M. Patience; Vice-Chairman, C. I. Soucy; Secretary- 
Treasurer; C. C. Meredith and Assistant Secretary, V. G. 
Smith. 

Following this meeting ten manufacturers of radio 
equipment had arranged for a display of their new appara- 
tus at the meeting place. 
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The Canadian Section will hold its next meeting on 
September Ist, 1927. 


SEATTLE SECTION 


A meeting of the Seattle Section was held in the Club 
Room of the Telephone Building, Seattle, on April 9th. W. 
A. Kleist presided. 

Two papers were read. The first was entitled, “Copper 
Oxide Rectifiers” and was presented by J. A. Burleigh. The 
second paper was by J. J. Ritter on, “A New Type of Elec- 
trolytic Condenser”. 

These papers were discussed by Messrs. Burleigh, Tol- 
mie, Anderson, Syllvester, Libby and others. 

The Chairman announced the appointment of the fol- 
lowing Standing Committees of the Section: Meetings and 
Papers Committee—J. R. Tolmie (Chairman), H. E. Renfro, 
J. W. Greig and H. F. Mason. Membership Committee— 
C. E. Williams (Chairman), J. A. Burleigh and M. L. 
Wooley. | 


CONNECTICUT VALLEY SECTION 


On May 6, 1927 a meeting of the Connecticut Valley 
Section was held in the auditorium of the Hartford Electric 
Light Company, Hartford, Conn. Dr. W. G. Cady was the 
presiding officer. 

The meeting was addressed by D. G. Little of the West- 
inghouse Electric and Manufacturing Company on, “Some 
Experiences as а Radio Engineer" in which the speaker 
described the design of recent high power short wave radio 
equipment. 

The discussion was participated in by Dr. Cady, Dr. Van 
Dyke and Messrs. Little, Hull, Kruse, Bourne, French, 
Brackett and others. 


ROCHESTER SECTION 


The Rochester Section held its April meeting on the 15th 
of the month in the Sagamore Hotel, Rochester. H. 4. 
Klumb presided. 
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The meeting was addressed by Charles Bartlett who gave 
a talk on “Measuring Instruments Used in Radio”. 

Forty members attended the meeting. 

The next meeting of the Rochester Section will be held 
on May 20th in the Sagamore Hotel. B. Olney will read a 
paper on “Acoustics”. | | 


Los ANGELES SECTION 


On April 18th the Los Angeles Section held а meeting in 
the Los Angeles Elks Club. Don Wallace presided. 

Harry Fore of the Philadelphia Storage Battery Com- 
pany presented a talk on “Socket Power Devices, Their 
Construction and Operation". 

There were thirty-five members present. 


WASHINGTON SECTION 


The Washington Section held а meeting on April 13th 
in Harvey's Restaurant, 11th and Pennsylvania Avenue, N. 
W., Washington. Dr. J. H. Dellinger presided. 

Dr. І. P. Wheeler of the Naval Research Laboratory de-- 
livered a talk on “The Establishment of Standard Radio 
Frequencies”. 

It was decided to hold future meetings of the Washing- 
ton Section on the second Thursday of each month instead 
of the second Wednesday. 

The next meeting of the Section will be held on May 12th 
at which time Commander S. C. Hooper, U. S. N. will deliver 
a paper on “The Mission and Scope of Naval Radio". This 
meeting will be held in Harvey's Restaurant. 


PROPOSED NEW SECTIONS 


Activity in the establishment of new Sections of the 
Institute continues. Correspondence looking to the forma- 
tions of Sections in Milwaukee, Wisconsin ; Atlanta, Georgia 
and Buffalo, New York is being held, in addition to the 
Section formation activities previously mentioned in the 
Proceedings. | 

- In Milwaukee two organization meetings have been held. 
D. S. W. Kelly has been elected chairman of the temporary 
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organization and S. Snead has been elected temporary Sec- 
retary. 

In Atlanta, the preliminary organization work is being 
sponsored by The Atlanta Association of Radio Engineers, 
Major Walter Van Nostrand being the chairman of the 
Committee on Organization of an Institute Section.. One 
organization meeting has been held, and it is contemplated 
that additional meetings will be held in the near future. 

The Buffalo work has been initiated by C. J. Porter.. 
The first organization шеспе will be held in the near 
future. : 


Past Numbers of the PROCEEDINGS 


Back copies of the PROCEEDINGS, except as listed below, 
are available from the Institute. From Vol 1 to Vol. 14, 
inclusive, these copies sell at $1.50 each. Copies of Vol. 15 
can be supplied at $1.00 per number. In both of these cases 
members of the Institute are entitled to a discount of 25 
per cent. 

In the case of several of the numbers the stock of back 
issues is quite small. Additional copies will not be available 
when the present supply is exhausted. 

As time goes on these back numbers of the PROCEEDINGS 
become increasingly valuable. Not only are the most im- 
portant elements in the history of the engineering side of 
radio presented in these older issues, but practically no im- 
portant phase of the radio arts or science can be named 
which has not been considered in the PROCEEDINGS at one 
time or another. 

Members of the Institute who contemplate desiring to 
complete their files of the PROCEEDINGS should secure these 
copies before the stock is exhausted. 

Copies listed as follows cannot be supplied: 


Vol. 1, No. 2; Vol. 2, Nos. 3 & 4; Vol. 3, Nos. 1, 2 & 3; 
Vol. 4, Nos. 1 & 2; Vol. 5, No. 1; Vol. 6, No. 5; Vol. 7, Nos. 
3 & 5; Vol. 9, No. 3; Vol. 11, No. 6; Vol. 12, Nos. 1, 2 & 3; 
Vol. 18, Nos. 1 & 4. 

Bound volumes from Vol. 5 (1917) to volume No. 16 
(1926) are available at $11.00 per volume, with the usual 
25 per cent. discount to members. 
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Fourteen Year PROCEEDINGS Index 


Work is practically completed on a very comprehensive 
Index of the PROCEEDINGS covering the past fourteen years. 
This Index includes not only a list of papers and authors, 
but also a cross-index by means of which papers on related 
subjects can be located quickly. 

When available a copy of the Index will be sent free of 
charge to each member of the Institute. The price to non- 
members will be one dollar per сору, 


_iCommittee "Work 


“3 


SEGPIONAI: COMMITTEE ON RADIO, А. E. S. с. 


Тһе following i is a report of the activities of the Techni- 
cal Committees of the Sectional Committee on Radio, A. E. 
S. C., for March, 1927: | 


Committee on Transmitting and Receiving Sets and 
Installations 


This Committee has no activities to report during the 
month. | | 


Committee on Component Parts and Wiring 


The Subcommittee of this Committee is active and will 
report to the main Committee at its next meeting in May. 


Committee on Electro-Acoustic Devices 


No March meeting was held by this Committee. A meet- 
ing will be held at an early date, however, at which time the 
electro-acoustic standards as proposed by the National Elec- 
trical Manufacturers Association in its Year Book, and by 
the Subcommittee of the Institute of Radio Engineers, will 
be available for consideration and study. 


Committee on Vacuum Tubes 


Material dealing with standardization of the dimensions 
of vacuum tube bases is available to this Committee and will 
be considered by the Committee at a forthcoming meeting. 
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Committee on Power Supply and Outside Plant 


No activities of this Committee were reported for the 
month of March. 


I. R. E. Subcommittee on Vacuum Tubes 


At its meeting on May 6th, the Subcommittee on Vac- 
uum Tubes completed its work, and has submitted its report 
to the Committee on Standardization of the Institute (this 
report will be found in the preliminary drafts of reports 
of the three Subcommittees which is available on request). 
The subject assigned to the Subcommittee was the recom- 
mendation of suitable methods for testing vacuum tubes. 
In addition to making selections from the various methods 
already in common use for measuring the characteristics 
of vacuum tubes, and specifying the conditions of test, two 
matters have been brought forward which had not been 
generally known in the art and which are especially inter- 
esting. 

The emission characteristic curve, showing the relation 
of filament emission current to power which heats the fila- 
ment, cannot usually be determined experimentally up to 
normal filament power without damaging the vacuum tube. 
A method of plotting experimental data, taken at reduced 
power, on a special “power-emission chart” results in а 
straight line which can be readily extended to normal power. 
The development of this chart is due to Dr. C. Davisson of 
the Bell Telenhone Laboratories, who, together with M. J. 
Kelly of the Subcommittee, plans to present a paper on the 
subject in the fall. 

The procedure heretofore commonly followed in mea- 
suring the capacity between two electrodes of a vacuum tube 
was to leave the third electrode on oven circuit, or floating 
in potential. It was found that this procedure gave mis- 
leading results; it did not measure the direct capacity be- 
tween the two electrodes (which is the important thing), 
but rather a combination of all three direct capacities pre- 
sent in а vacuum tube. Several methods of measuring 
direct capacity have been devised and studied under the 
direction o£ members of the Subcommittee. These have 
proven se' satisfactory that it is recommended that all теа» 
surements of eapacity with опе electrode floating be aban- 
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doned in favor of direct capacity measurements. It is hoped 
to have several short papers on this subject prepared i 
presentation to the Institute. 

The notation to be employed in connection with vacuum 
tubes has long been a bone of contention, as indicated, for 
example, by the recent presentation before the Institute of 
a paper on that subject by Professor Chaffee. The Sub- 
committee has studied the question and has prepared defin- 
ite recommendations. The recommendations that received 
the most attention were current practice and convenience in 
printing and typing. It was found possible to recommend 
a system which satisfied both requirements and which, in 
particular, completely avoided special character signs. 


I. R. E. SUBCOMMITTEE ON RECEIVING SETS 


The Subcommittee on Receiving Sets held an all-day 
meeting on May 5th, in order that a tentative report on its 
work to date could be presented to the Institute for printing. 
The standardization of tests on radio receiving sets opened 
such a large field, that the subcommittee decided to restrict 
its scope for the present to broadcast receiving sets. Fur- 
thermore, detailed consideration has so far been given only 
to over-all tests; but it is planned to include in the final re- 
port tests on the parts which make up a complete receiving 
set, such as radio-frequency and audio-frequency amplifying 
transformers. 

The essential technical properties of a broadcast receiv- 
ing set are sensitivity, selectivity, and fidelity. The term 
"fidelity" has been recommended for adoption to take the 
place of the very general word “quality” and to signify the 
accuracy of reproduction at the output terminals of the 
modulation of the received wave. All three properties are to 
be determined by impressing a simple modulated radio-fre- 
quency voltage in the antenna circuit (using the self-con- 
tained antenna, if the set is so provided—otherwise a stan- 
dardized artificial or real antenna circuit), and reading the 
output into a non-inductive resistor of proper resistance 
connected in place of a loud-speaker. 

To determine sensitivity the input is adjusted to give a 
so-called “normal output” of 0.05 watt at a series of wave 
frequencies within the broadcast band. The input voltage 
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is reduced to equivalent radio field intensity, and this 1s 
plotted on a graph against wave frequency. Values of modu- 
lation frequency (400 cycles) and percentage (30%) have 
been tentatively set. 

To determine selectivity, the receiving set is tuned to a 
certain "standard test frequency" and the radio frequency 
input is varied simultaneously in voltage and in frequency 
so as to maintain a so-called “interference output" equal to 
one ten-thousandth of the “normal output" (that is equal to 
0.00050 watt). Equivalent radio field intensity is plotted 
against carrier frequency. The test is then repeated for the 
other "standard test frequencies", these being tentatively 
set at 600, 800, 1000, 1200, 1400 kilocycles. 

To determine fidelity, the receiving set and the input are 
both tuned to a standard test frequency and the modulation 
frequency is varied from 40 to 10,000 cycles, the input vol- 
tage being held constant at the value giving normal output 
at 4000 cycles modulation, and the modulation being 30% 
throughout. The relative voltage at the output terminals is 
measured and plotted against frequency. The test is then 
repeated for the other standard set frequencies. 


SHORT-WAVE COMMERCIAL LONG-DISTANCE 
COMMUNICATION* 


By 
H. E. HALLBORG, L. A. BRIGGS, AND C. W. HANSELL 


I—HISTORY AND DEVELOPMENT 


The engineers of the Radio Corporation of America 
followed with keen interest, the short wave experiments on 
this side of the Atlantic conducted during the winter of 
1921-1922, as well as the contemporaneous European devel- 
opments in this ultra high-frequency field. This interest was 
further stimulated during the early short wave re-broad- 
casting experiments of the General Electric and Westing- 
house Companies. Many measurements were made during 
this period with the purpose of determining whether these 
short wave signals would be suitable for dependable long 
distances telegraph communication. The results of these 
early rebroadcast observations were, in general, not en- 
couraging. They indicated wide signal variations with light 
and darkness, and extremely bad fading. 

It is not surprising in view of these early observations 
that the first short wave telegraph transmitter constructed 
by the Radio Corporation should have been designed for 
experimental radio relay service. This transmitter was 
built early in 1923 at the Transoceanic Receiving Station at 
Belfast, Maine. It was hoped that this installation would 
provide the means for studying the effectiveness of short 
waves for the relaying of the incoming trans-Atlantic long 
wave signals supplementing the land lines from Belfast, 
Maine to New York City, a distance of about 400 miles. A 
general view of this experimental short wave radio relay 
transmitter is shown in Figure 1. 

“2XAO” the Belfast relay transmitter proved more val- 
uable in the study of propagation phenomena, and in point- 
ing the way to many important transmitter developments 
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than as a radio relay. The art was not sufficiently advanced 
at that time to bear the heavy responsibility of commercial 
trans-Atlantic relaying. 

In the meantime, the Radio Corporation had contracted 
with its manufacturing companies for the construction of a 
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Figure 1—Experimental short wave radio relay transmitter 2XAO— 
Belfast, Maine. 


number of experimental short wave telegraph transmitters. 
The first of these was installed in August 1923 at the high 
power trans-Atlantic Station at Tuckerton, New Jersey. It 
operated under the call letters *WGH" on a wavelength of 
103 meters. Its first commercial use was on the evening of 
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September 11, 1923 when a ringside account of the Firpo- 
Wills fight was sent to Buenos Aires by this transmitter. 
"WGH" represents the first serious attempt by the Radio 
Corporation at long distance communication via short wave 
channels. It was used as an auxiliary to the 200-kilowatt 
alternators, serving intermittently for communication to 
Berlin, Paris, and to Buenos Aires. It was operated regu- 


Figure 2—Experimental 103-meter short wave transmitter WGH, 
Tuckerton, N. J 


larly but at comparatively slow speeds for a period of sev- 
eral months during the hours of darkness. 

A view of the original “WGH” installation is shown in 
Figure 2. It was of the self-excited type using two water- 
cooled tubes in a Hartley circuit. The self-excited circuit, 
due to its susceptibility to frequency fluctuations, soon gave 
way to a master oscillator-power amplifier type of circuit. 
À push-pull amplification system was adopted throughout. 
The two water-cooled tubes functioned as a push-pull power 
amplifier. The addition of the master oscillator proved of 
considerable value in stabilising transmission and increas- 
ing traffic speeds. 

During the spring of 1924 the “WGH” installation was 
followed by the distribution of 5 additional experimental 
short wave transmitters to the various high power stations 
of the Radio Corporation world network. These units were 
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originally of the self-excited type similar to “WGH”; but 
were subsequently converted to master oscillator power 
amplifier types and eventually fitted with piezo-electric 


crystal control. 
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Figure 3—Experimental 95-meter short wave transmitter—KEL, 
Bolinas, California. 


The call letters, distribution and operating wavelengths 
of these five transmitters were as follows: 
KEL —95  meters— Bolinas, California, 
KIO —90  meters—Kahuku, Hawaii, 
WIR —74  meters—New Brunswick, New Jersey, 
WQN—51.5 meters—Rocky Point, Long Island, 
WIZ —43 meters—New Brunswick, New Jersey. 
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Figure 3 is a photograph of “KEL” the 95 meter instal- 
lation at Bolinas, California, which may be considered 
typical of this group of experimental transmitters. The 
master oscillator and intermediate amplifier stages which 
were subsequently added as shown in Figure 4. In Figure 
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Figure 4—Experimental 95-meter master oscillator and intermediate 
amplifier units of short wave transmitter—KEL, Bolinas, California. 


9 is shown the complete installation of the 90 meter trans- 
mitter “KIO” at Kahuku, Hawaii. This figure shows the 
power amplifier and intermediate amplifier panels the 
various control panels as well as the main rectifier for sup- 
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plying 10,000 volts d. c. and the intermediate rectifier which 
supplied 2,000 volts 4. с. 

In Figure 6, is shown the 95 meter vertical antenna at 
Bolinas, California. This antenna was energized by means 
of a transmission line 875 feet long. 

It is of interest to observe that of the above group of 
five short wave experimental transmitters, only one is still 


Figure 5—Complete 90-meter experimental short wave installation— 
KIO, Kahuku, Hawaii. 


in operation on its originally assigned wavelength namely— 
“WIZ” 43 meters at New Brunswick, New Jersey. This 
transmitter operates as a crystal-controlled master oscilla- 
tor, power amplifier unit directly energizing a long vertical 
harmonic antenna without the medium of a transmission 
line. It is used as a supplementary means of communication 
during the hours of darkness to Berlin, Paris, and Buenos 
Aires. “WIZ” has been one of the most effective of the 
Radio Corporation’s experimental short wave transmitters. 

Early in 1925 the five original installations above des- 
cribed were followed by two others: 

"WQO"—35 meters—Rocky Point, Long Island, 
- “WIK” —22 meters—New Brunswick, New Jersey. 
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“WQO” was subsequently reconverted in a reconstruc- 
tion program undertaken at Rocky Point, Long Island. 
“WIK” was transferred from New Brunswick to Rocky 
Point. An intensive short wave experimental program with 
a view to centralizing short wave transmitter development 
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Figure 6—95-meter, third harmonic, vertical antenna and transmission 
line—Bolinas, California. 


at Rocky Point soon resulted in-the installation of three 
additional short wave transmitters of still lower wave- 
lengths. These units embody all the essential features of 
design dictated by experience with the earlier sets, such as 
adequate shielding, crystal control, elimination of losses in 
the cooling water of the power amplifier tubes, elimination 
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of interstage amplifier reactions, and improvement of tone 
quality. 
The call letters, location and operating wavelengths of 
these three transmitters are as follows: 
“WLL’—16.6 meters—Rocky Point, Long Island, 
“XT” —16 meters—Rocky Point, Long Island, 
«2XS" —14.9 meters—Rocky Point, Long Island. 


Figure 7—Short wave transmitter 2XT—16-meter, installed at Rocky 
і Point, L. I. 


This group of short wave transmitters is utilized in the 
Radio Corporation’s South American service to Rio de Jan- 
eiro and Buenos Aires. Most interesting from a transmis- 
sion viewpoint is that they are most effective during the 
hours of complete daylight, namely from about 6 A. M. to 
6 P. M. This is shown more graphically in traffic charts in 
another portion of this paper. 

In Figure 7, is shown a view of one of these transmitters 
installed for the above service at the Radio Corporation’s 
Radio Central at Rocky Point, Long Island. 
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The Radio Corporation’s short wave experimental trans- 
mitters with antenna inputs varying from 3-kw. to 20-kw. 
have in general been used as auxiliaries to the 200-kw. long 
wave alternators. A summary of these various short wave 
installations, their call letters, wavelengths, and the service 
to which each was assigned, is as follows: 


2XAO—Belfast, Maine—60 to 110 meters—Relay Experimental 

WGH—tTuckerton, New Jersey—103 meters—to Berlin, Paris & 
Buenos Aires 

KEL —Bolinas, California—95 meters—to Honolulu & Japan 

KIO —Kahuku, Tombouy of Hawaii—90 meters—to San Francisco & 
Japan 

WIR —New Brunswick, New Jersey—74 meters—to London, Paris & 
Berlin 

WQN—Rocky Point, L. I., 51.5 meters—to Berlin & Paris. 

WIZ —New Brunswick, New Jersey—43 meters—to Buenos Aires, 
Berlin & Paris 

WQO —Rocky Point, Long Island—35 meters—to Berlin & Paris 

IXR —Manila, Philippine Islands—30 meters—to Honolulu & San 
Francisco 

KEL —Bolinas, California—29.3 meters—to Honolulu & Java 

HJG —Bogota, Colombia—22 meters—to Central America & New York 

WIK —Rocky Point, Long Island—21.5 meters—to Buenos Aires, Ber- 
lin & Paris 

WLL —Rocky Point, Long Island—16.6 meters—to Rio de Janeiro & 
Buenos Aires l 

2XT —Rocky Point, Long Island—16 meters—to Rio de Janeiro & 
Buenos Aires 

2XS —Rocky Point, Long Island—14.9 meters—Rio de Janeiro & 
Buenos Aires 

KEL —Bolinas, California—14.1 meters—to Manila & Java 


A definite trend to shorter wavelengths is indicated in 
the above development. 

A record of the performances of these experimental 
transmitters on commercial traffic is believed to be a topic 
of general interest. This phase of the subject is considered 
in Section II. 


II—COMMERCIAL TRAFFIC OPERATIONS 


It was realized very early in the development of short 
wave operation that the best test of effectiveness and com- 
parative values of various wavelengths and types of trans- 
mitters was actual operation of the transmitter in the hand- 
ling of commercial traffic. Consequently the RCA short 
wave transmitter instead of undergoing prolonged periods 
of test observation, were utilized immediately for commer- 
cial service as auxiliaries to the standard high power trans- 
mitters. The very high standards of reliability and accuracy 
required and maintained in the movement of commercial 
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traffic provided a most severe test of short wave operations. 
Readability was judged not by mere audibility or even by 
intelligibility of signals over brief or irregular periods but 
by the exacting demands of comparison with established 
communication channels operating simultaneously with the 
short wave transmitters between the same two terminals. 
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Figure ‘—Commercial reception at Tuckerton—WGH, 103 meters, at 
Buenos Aires, September, 1924, to April, 1925. 


Further improvements and refinements of the transmitters 
were guided by the results obtained during such service. 
All the traffic data accumulated to date must be studied 
with the fact in mind that apparent results may have been 
affected to a greater or less degree by numerous alterations 
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made in the transmitters from day to day. Nevertheless it 
seems well worth while to record the results which have 
been obtained and thereby furnish a basis for further and 
more reliable statistics in the future. 
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Figure 9—Commercial reception of Tuckerton—WGH, 103 meters at 
Berlin, September, 1924 to June, 1925. 


The primary objective in all of the RCA Atlantic coast 
short wave activities has been to secure improved and re- 
liable service between New York and South America. All 
the traffic handled and data obtained by operation between 
New York and Europe has been decidedly a secondary con- 
sideration. This is mentioned to explain the general trend of 
transmitter development and why certain transmitters and 
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wavelengths with which seemingly excellent results to 
Europe were being obtained were abandoned in order to use 
available apparatus for further and more important devel- 
opments in the South American services. 


The first RCA short wave transmitter used for commer- 
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Figure 10—Commercial reception of New Brunswick—WIR, at Berlin, 
June, 1925 to March, 1926. 


cial traffic was WGH, on 103 meters, which went into ser- 
vice in September 1924. As shown in Fig. 8 it was found 
fairly effective for very slow transmission to Buenos Aires 
between the hours of 8 P. M. and 6 A. M. This period during 
October advanced with earlier sunset here, becoming 6 P. M. 
to 5:30 A. M. However the coming of winter at New York 
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in November and December meant the approach of summer 
at Buenos Aires, with its heavy static season. Signals dur- 
ing November became less and less reliable until during 
December the usefulness of this transmitter to Buenos Aires 
had passed and thereafter it was hardly audible and never 
readable. 
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Figure 11—Commercial reception of New Brunskick—WIR, 74 meters, 
at London, August, 1925 to March, 1926. 


In the meantime Berlin had become extremely interested 
in the use of short waves and was receiving traffic from 
WGH wherever that station could not be used to Buenos 
Aires. Fig. 9 shows the record of improved reception at 
Berlin during the winter months of 1924-5. 
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However, the approach of spring brought a sharp decline 
in reception speed and a shortening of the readable hours. 
By the end of May, Berlin was unable to accomplish much 
commercially and in June 1925, this pioneer transmitter, 
having served its purpose, was dismantled. 
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Figure 12—Commercial reception of New Brunswick—WIZ, 43 meters, 
at Buenos Aires, February to December, 1925. 


Next in order of wavelength came WIR, 74 meters, lo- 
cated at New Brunswick, New Jersey and beginning opera- 
tion in June, 1925. This transmitter was not used to Buenos 
Aires, because in May, 1925, a 43-meter transmitter, WIZ, 

had gone into service and was proving far superior for 
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South American service to the 108-апа 74-meter wave- 
lengths. 

WIR did however operate successfully to Berlin and to 
London during almost a year. In hours of usefulness and 
speed of operation to Berlin, it proved to be comparable to 
WGH, perhaps becoming readable some one-half to one hour 
earlier in the day and being slightly less subject to daily and 
seasonal static conditions. 

London did some very good work in reception of this 
transmitter, copying at high speed for hours at a time and 
receiving over a somewhat longer period each day than 
did Berlin. Shorter distance and somewhat longer hours of 
darkness probably account for this difference. Results of 
WIR transmission to Berlin and to London are given in 
Figures 10 and 11. 

This station, although very useful in the movement of 
traffic to Europe, was discontinued after March, 1926 in 
order to furnish apparatus for shorter wave-length trans- 
mitters for South American service. 

Station WIZ, 43 meters, at New Brunswick, went into 
operation in February, 1925. It has become perhaps the 
best known short wave transmitter in the world, being used 
by amateurs, commercial administrations, and military ser- 
vices, аз a Standard of comparison for reliability and wave- 
length. It is heard over the entire earth at some hours of 
each day. 

During 1925 it was subject to innumerable changes in 
design. Traffic data for that year are therefore subject to 
much question and explanation. Results for 1926 are more 
reliable, the design and operation of the transmitter having 
become more stable and well standardized. This is the only 
transmitter for which two years data is available and the 
natural tendency is to compare 1925 with 1926. Much of 
the discrepancy between the two years is thus explained. 

The 43-meter wavelength proved much less subject to 
seasonal effects for use to Buenos Aires than had the pre- 
vious longer waves, and therefore was more reliable. Speed 
of transmission to Buenos Aires is normally quite low. To 
Berlin very good high-speed operation is obtained and at 
least a fair commercial speed is to be depended upon prac- 
tically every night of the entire year. 

Periods of weak signals and strong signals of several 
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days or weeks duration which affect reception heavily are 
reported by Berlin. These periods have been studied in 
relation to sun spots, magnetic disturbances, barometric 
pressures, and other natural phenomena, but no definite 
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Figure 13—Commercial reception of New Brunswick—WIZ, 43 meters, 
at Buenos Aires for year 1926. 


connection is yet established with anything. А more or less 
regular cycle of about 35 davs is becoming noticeable and is 
being checked up at present. 

Hours of readability during 1925 and 1926 to Buenos 
Aires and Berlin are shown in Figs. 12, 13, 14 and 15. 
Although 43 meters is a “darkness” wavelength for all 
transoceanic operation, the readable period does not follow 
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seasonal variations of sunrise and sunset as closely as might 
be expected. 

Stations WQN, 51.5 meters, and WQO, 35 meters, both 
located at Rocky Point, New York, were operated commer- 
cially for several months during the fall of 1925. The results 
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Figure 14—Commercial reception of New Brunswick—WIZ, 43 meters, 
at Berlin, May to December, 1925. 
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obtained were so nearly identical with those оп 43 meters 
that operation of the Rocky Point transmitters was discon- 
tinued and efforts concentrated on an attempt to utilize 
much shorter wavelengths which were expected to provide 
daylight operation to supplement the darkness operation on 
43 and 74 meters. 
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One of the most important uses made of WQO was a 
run of three weeks using a wavelength of 44 meters and 
output of about 12 kw. for comparison with WIZ on 43 
meters and output of about 6 kw. It was determined without 
doubt that the traffic capacity of the two transmitters, 
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Figure 15—Commercial Reception at New Brunswick—WIZ, 43 meters, 
at Berlin, for year of 1926. 


wavelengths being nearly alike, was in direct proportion to 
their power. This disposed of a theory which had gained 
much credence that in short wave working the effectiveness 
of a transmitter was determined entirely by its wavelength 
and that power increase would be of negligible effect. 

2XS, 14.9 meters, at Rocky Point, went into service in 
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January, 1926 and during the entire year was operated 
successfully and very regularly to Buenos Aires and Rio de 
Janeiro during daylight. Fig. 16 gives readability records of 
2XS, 14.9 meters, to Buenos Aires. The beginning of read- 
ability each day coincides quite sharply with sunrise at New 
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Figure 16—Commercial reception of Rocky Point—2XS, 14.93 meters, 
at Buenos Aires, for year ot 1926. 


York but continues after sunset at both New York and 
Buenos Aires and varies greatly in its “fading” time accord- 
ing to season of the year. Hours of readability at Rio de 
Janeiro very closely agree with those shown for Buenos 
Aires. 

European reception of 14.9 meters is confined to a very 
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brief period each day. Due to constant operation of the 
2XS transmitter for South American service no regular use 
of it has been made to any European point and but little 
operating data secured on this wavelength for such use. 
Other transmissions have been conducted using trans- 
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Figure 17—Commercial reception of Rocky Point—WLL, 18 to 14.1 
meters, at Buenos Aires for year 1926. 


mitter WLL at Rocky Point, at first on 18 meters during 
April and May 1926. Readability to Buenos Aires covered 
practically the full 24 hours but signals were weaker and 
less reliable than 2XS. This may be attributed to the more 
experimental nature of the transmitter installation rather 
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than to difference in wavelength. Record of WLL operation 
to Buenos Aires is given in Fig. 17. 

Any account of short wave operation to date must in- 
clude the 22-meter station WIK at Rocky Point although its 
operating data include only two months, November and 
December 1926. 

This wavelength is secular in being useful to South 
America as a “darkness” transmitter and to Europe during 
daylight so that it is in service practically 24 hours per day. 
Buenos Aires reads 22 meters from 5 P. M. to 8 A. M. E. S. 
T. and Berlin receives it between 6 A. M. and 4 P. M. E. S. T. 
Results to Berlin are also marked by reception on 22 meters 
during about four hours daily of 'double signals" which 
seem to be caused by reception of the normal signal over the 
direct path New York to Berlin and also reception of the 
same signals some 1% to 1/10 second later arriving from the 
opposite direction around the earth. These phenomena are 
also observed on shorter waves. This subject has been given 
serious study by Mr. Erich Quaeck of Berlin, whose con- 
clusions are published in an article appearing in the Decem- 
ber, 1926 issue of “Jahrbuch der Drahtlosen Telegraphie 
und Telephonie". The difference in time of signal travel, is 
such that useful reception of traffic was impossible because 
of the “double signal" filling in the spaces between dots of 
the normal signal. A directional receiving system has been 
used to overcome this difficulty. 

Short wave operations on the Pacific have in general 
confirmed the data and results obtained in trans-Atlantic op- 
eration. Conditions there have been such that regular and 
Systematic use has not been carried out to the same extent as 
on the east coast and therefore no data can be submitted 
until further operation has afforded more opportunity to 
secure reliable and comprehensive information. 

No mention is made in this paper of theories of short 
wave transmission and no attempt made to state a theory 
derived from the results obtained, nor to explain such re- 
sults in terms of already propounded theories. The intention 
has been merely to record what has been done in this field 
commercially in the belief that such information will be 
found of benefit to those who are engaged in either theoreti- 
cal or practical consideration of short wave developments. 

In Section III, there is recorded а number of the prob- 
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lems encountered in the technical development of short wave 
transmitters. 


III—TECHNICAL DEVELOPMENT OF TRANSMITTERS 


The introduction of short waves for long distance com- 
munication has brought into being a technique widely dif- 
ferent from that used in connection with the older long 
wave systems. The radio frequency currents are no longer 
generated directly in a dynamo-electric machine like the 
Alexanderson alternator but are produced entirely by means 
of vacuum tubes. | 

In contrast to the antennas for long waves, four hundred 
feet high and one and one-half miles long, we have for short 
waves antenna structures so small and insignificant in phy- 
sical proportions that a casual visitor to a transoceanic sta- 
tion would not think of taking them seriously if he were not 
familiar with their effectiveness. 

The revolutionary change in methods has presented a 
multitude of problems and difficulties requiring solution by 
the engineers engaged in the development. Most of these 
difficulties have had to do with the production of equipment 
capable of producing and handling the extremely high fre- 
quency energy in a manner suitable for communication pur- 
poses. | | 

The investigation of short waves for long distance trans- 
mission was delayed for so many years because of the lack 
of equipment capable of producing sufficient power at very 
high frequencies. Utilization of short waves on a practical 
manner has depended almost entirely upon the development 
of vacuum tubes. 

The technical development described has resulted from 
the close cooperation between the engineers of the RCA and 
those of the General Electric and Westinghouse Companies, 
particularly those responsible for the development of tubes 
and transmitters. 

When powerful tubes capable of producing very high 
frequency currents were made available the development of 
short wave communication became so rapid that the en- 
ріпеегѕ engaged in developing the tubes have been under 
constant pressure to make their product more and more 
adaptable to short wave operation. From the start the de- 
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velopment of tubes has set the limit for the development of 
short wave transmitter equipment and the life of the tubes 
in service has proven to be one of the greatest single factors 
in the economics of the new system. 

It is believed that most of the difficulties encountered in 
using the commercial tubes at very high frequencies have 
been due to the high radio frequency currents which flow 
through the connections to the tube elements and to the 
generally less efficient or more unstable circuits used in con- 
nection with the tubes. 

The high currents through the tube connections are due 
to the dielectric capacities between the elements which be- 
come quite low reactances at high frequencies. These cur- 
rents increase the temperature of the elements, particularly 
the grid, resulting in a tendency for the tube to become un- 
stable due to electron emission from the grid and the higher 
temperatures combined with the severe conditions which 
the tube imposes upon itself due to instability, tend to evolve 
gas from the elements and destroy the usefulness of the 
tube. 

The circuits used subject the tubes to increasingly severe 
conditions as the frequency is raised due to the necessity for 
increasingly accurate neutralization of the coupling between 
input and output circuits through the dielectric capacity of 
the tubes. The probable error from exact balances of this 
coupling increases in proportion to the frequency and in- 
creases the probability of the tube being subjected to too 
little or too great excitation or oscillation under improper 
conditions which tend to destroy it. Variation in tempera- 
ture of tubes and circuits is alone sufficient to introduce 
serious difficulty in maintaining exact heutralization of the 
tube capacity in the ordinary radio frequency amplifier 
when used at wave lengths as short as fourteen or fifteen 
meters. | . 

At first trouble was experienced due to the high tempera- 
ture of the tube connections and to dielectric losses causing 
softening of the glass resulting in glass punctures but this 
trouble has been very greatly reduced by improvements in 
design. 

it is also to be noted that the tube capacities set a limit 
to the capacity of the oscillating circuits used in the input 
and output of the tubes, and therefore determine the watt- 
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less current circulating in these circuits. For very short 
waves the amount of this circulating current is of necessity 
greater than is desired and results in excessive circuit 
losses. In fact, if waves very much shorter than fourteen 
meters are used with the present tubes, most of the normal 
output of the tubes is lost in their associated circuits and 
nothing left over for the antenna. 

It is significant that within about two years, due to the 
development of both tubes and circuits, the average life of 
tubes has increased in the ratio of about three-to-one. 

Although the development of vacuum tubes has undoubt- 
edly been the most important and most difficult problem in 
the commercial application of short waves it has been by no 
means the only one. 

The maintenance of a constant frequency became a ser- 
ious problem requiring solution. To obtain maximum use- 
fulness the transmitters used should be capable of reception 
within a frequency band of about the same number of cycles 
as when long waves are used. To stay within this band 
requires that the percentage of frequency variation in 
both the transmitter and the receiver decreases in pro- 
portion to the wavelength. Thus for communication on a 
wavelength of 15 meters it is necessary to maintain a con- 
stancy about one thousand times greater than was required 
for long waves. 

This problem has been solved by the adoption of the 
piezo-electric quartz crystal oscillator which was first used 
as a master oscillator in transmitter 2XAO at Belfast, 
Maine and which had proven quite satisfactory as a source 
of constant frequency. As a result of the use of the crystals, 
together with various refinements in their operation, the 
frequency of the transmitters and receivers can be held so 
constant that, the heterodyne note stays sufficiently fixed 
for hours, or even days without any adjustment to the 
equipment. 

A further advantage resulting from the use of the quartz 
crystal master oscillator is the comparative simplicity and 
consequent low cost of the transmitter. This results from 
the fact that the output frequency is made independent of 
the effect of variation and ripple in the power supply, and 
alternating current may be used for lighting the filaments 
of the tubes. This brings about a very great saving in the 
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amount and cost of the equipment used to make up the 
transmitter. 

Next in importance to maintaining the frequency con- 
stant was the problem of amplifying the very small out- 
put from a crystal oscillator to the power required in the 
antenna in a manner which would give freedom from feed- 
back from the higher to the lower power stages and the 
resulting tendency for undesired oscillations. It has been 
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Figure 18—Short wave transmitter for Bolinas—14.1 meters, showing 
operating condition. 


previously found difficult to operate a chain of amplifiers 
even on relatively long waves without feed-back troubles, 
and the difficulties increase with the frequency. Shielding 
can be used to reduce such troubles but can not be relied 
upon to eliminate them entirely at very high frequencies. 
Also it was necessary that the effect of coupling between 
input and output circuits of each stage of amplifier be small 
and that there be no critical adjustments to get this result. 
In addition it may be noted that it is not practical to make 
and operate crystals at wavelengths short enough to be used 
to control the transmission directly, it being necessary to 
use a harmonic of the crystal. 

These requirements were met by using each of the in- 
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termediate stages as combination amplifiers and frequency 
multipliers. This was done by tuning the input circuit of 
the tubes to some particular frequency and the output circuit 
for the second or third harmonic of the input frequency. Due 
to the great difference in tuning between the input and out- 
put circuits the coupling between them can cause only a very 
small amount of feed-back and the neutralization of the tube 
capacity is no longer critical. Also the feed-back from the 


Figure 19—Short wave transmitter—14.1 meters, shields open showing 
accessability of parts. 


higher to the lower power stages cannot set up oscillations 
because of the very great difference in operating frequency. 

Incidentally this system allows the greater part of the 
tubes in the system to operate at relatively low frequencies 
so that they are easier to handle and are not subjected to 
such heavy capacity currents. 

In using a tube as a frequency multiplier, advantage 18 
taken of the fact that when it is used as a high frequency 
oscillator or amplifer the anode current flows for only a 
small part of a half cycle and can be resolved entirely into 
harmonic components of the input frequency by tuning the 
output circuit for the second or third harmonic. In doing 80 
there is only a little loss in efficiency and, due to the greater 
stability of the circuits, it is believed possible to be confident 
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of obtaining in a practical manner, a greater output than 
can be relied upon if the tube is used as an ordinary ampli- 
fier at very high frequencies. 

A third problem of major importance which requires 
solution before short waves can be used to full advantage for : 
commercial communication is the reduction or elimination 
of fading. Up to the present time this problem has not been 
completely solved but some work has been done with prom- 
ising results. 


Figure 20—Short wave transmitter—14.1 meters, master oscillator and 
intermediate amplifier unit, side view. 


Very early in the development of short waves it was 
observed that the fading did not occur simultaneously on 
two different frequencies transmitted from the same point 
simultaneously even though the difference in frequency 
might be very small. This immediately led to the conclusion 
that fading could be very greatly reduced by transmitting 
a band of frequencies instead of confining all the energy to 
a single frequency. This may be done by modulating the 
transmitted waves or by continuously varying their fre- 
quency. Both methods have been tried and were found to 
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result in some improvement, although in no case was the 
fading eliminated. Since most of the receiving stations were 
required to transmit the signals over wire lines with some 
noise on them they preferred a single steady frequency 
. which would give а pure note at the receiver easily dis- 
tinguishable from line noises. The present transmitter 
models therefore do not have any provision for varying 
the frequency over a narrow band while keeping the aver- 
age frequency fixed. 


Figure 21—Short wave transmitter—14.1 meters, master oscillator and 
intermediate amplifier unit, rear view. 


If the time comes when conditions at the receiving sta- 
tions permit taking the variable frequency signals it will no 
doubt be found an advantage in some cases to do so. | 

Work which has been done in connection with reception 
promises much more important results than anything which 
can be done at the transmitter but this work is still under 
way and will be described at a later date. 
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The use of short waves has made it possible to construct 
directive antenna systems at a cost which is not prohibitive 
and the further development of such systems seems certain 
to bring about very great improvements in the effectiveness 
in the short wave transmitters now in commercial service. 
of short waves. A program of installation and development 
of directive antennas is under way; but a discussion of this 
subject would be too lengthy to be included in this paper. 

Figures 18 to 23 inclusive are illustrative of a practical 
form in which the various developments have been embodied 
The particular equipment illustrated operates on a wave- 
length of 14.1 meters and was constructed for installation at 
Bolinas, California. Only the radio frequency units of the 
transmitter are shown. In addition to these units each 
transmitter includes a high voltage rectifier of conventional 
design. 

Figure 15 shows a general view of the transmitter units 
totally enclosed as they would be used in service. Fig. 19 
illustrates the accessibility of all parts. Fig. 20 gives a view 
of the assembly of the master oscillator and intermediate 
amplifier unit, while Fig. 21 gives a rear view of the last 
stage or power amplifier unit. 

The master oscillator and intermediate amplifier unit 
forms a complete crystal controlled short wave transmitter 
having an output of 300 to 400 watts. It contains all the 
rectifiers necessary to supply anode and grid bias voltages. 
To make it ready for service requires the connection of only 
three leads to deliver 220 volts, three phase, 60 cycles, two 
leads for the telegraph control and two leads for the radio 
frequency output. 

The crystal oscillator and first combination frequency 
multiplier and amplifier are in the metal box at the lower 
front of the unit where they are shielded from the other 
stages and where their temperatures may be automatically 
controlled when desired. RCA type UX-210 tubes are used 
in these two stages. 

Two additional stages of combination frequency multi- 
plier and amplifier using RCA UV-204A tubes are located 
in the upper part of the unit. There are two rectifiers, one 
using four UV-217A tubes and another using six UV-1651 
tubes as a three-phase full-wave rectifier. 

The keying is accomplished through the agency of a high- 


496 Hallborg, Briggs and Hansell: Short-Wave Communication 


speed polarized relay which controls the grid bias potential 
on the UV-204A tube which is used as the second stage 
intermediate amplifier. 

The power amplifier unit is designed to use two water- 
cooled tubes in the ordinary push-pull amplifier circuit. No 


Figure 22—Short wave transmitter—14.1 meters, power amplifier unit, 
side view. 


change in frequency is made in this stage although there is 
some reason to believe it would be more satisfactory if it 
were used as a frequency multiplier. 

The unit contains its own rectifier for supplying grid 
bias potential to the water-cooled tubes consisting of two 
_UV-217A tubes used for single-phase full-wave rectification. 
It may be of interest to note that this type of amplifier 
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has been designed to have the cooling water to the tubes 
fed through the conductor of the output circuit coil with 
rubber hose connections near the center of the coil. This 
very greatly reduces the radio frequency losses in the water 


Figure 23—Short wave transmitter—14.1 meters, power amplifier unit, 
rear view. 


connection because the center of the coil is substantially at 
zero potential radio frequency. 

It has been definitely determined that the formation of 
scale on the anodes of water-cooled tubes, a condition so fre- 
quently encountered in practice, is due to overheating of the 
anode accompanied by the formation of steam in the water 
jacket. Boiling has been eliminated by providing an ade- 
quate flow of cooling water with the result that the anodes 
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may be expected to remain clean and bright throughout the 
life of the tubes. 

Protection is provided against loss of cooling water pres- 
sure and flow by means of a contact-making pressure gauge 
and by two contact-making flow devices placed in the water 
outlet from each tube. 

The tubes are protected against too rapid starting of the 
filaments by an auxiliary contact on the filament rheostat 
which makes it necessary for the operator to insert all the 
resistance before the voltage can be applied. A second aux- 
iliary contact prevents application of the anode voltage 
unless the resistance is reduced again to approximately the 
normal value and the switching is so arranged that the 
anode voltage can not be applied until after the grid bias is 
on. 

Very great care has been used to reduce all stray capa- 
cities and the inductance of connections to a minimum. This 
feature becomes increasingly important as the frequency 
is increased. 
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Short wave communication is unique in that it is world- 
wide in its scope. A comprehensive mental picture of pro- 
gress in this field of human activity involves the receipt 
and accumulation of data from all corners of the earth. It 
is obviously impractical to acknowledge individually, the 
splendid cooperation which has been extended by the var- 
ious departments, and by the manufacturing companies of 
the Radio Corporation of America, or by its remotely located 
traffic correspondents in all parts of the world; but rather 
to express to all, appreciation for data and suggestions sub- 
mitted from time to time. It is felt that communication by 
short waves will become an increasingly effective means 
for welding all the peoples of the earth into bonds of mutual 
understanding. 

Synopsis: The development of short wave communica- 
tion by the Radio Corporation of America is outlined. A 
summary of short wave installations, with call letters, wave- 
lengths and services to which each installation is assigned, 
is submitted. 

Traffic charts showing the diurnal and seasonal char- 
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acteristic of various wavelengths over typical circuits are 
shown. 

An outline of the technical problems inherent to the de- 
velopment of tubes and transmitter circuits is discussed. 
Methods are described for obtaining proper operation of 
tubes and transmitters at these very short wave lengths. 

The paper is illustrated with typical pictures and 
charts showing transmitter development and traffic per- 
formance. | 
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SOME PRACTICAL ASPECTS OF SHORT-WAVE 
OPERATION AT HIGH POWER* 


By 
H. E. HALLBORG 


I—PROPAGATION CHARACTERISTICS 


The art of short wave transmission is so closely linked 
with the phenomena of propagation at these extremely high 
radio frequencies, that any contribution to our present all 
too meagre knowledge of the subject of short wave phenom- 
ena will doubtlessly be acceptable. The wave bands covered 
by this paper are those included within the 10-to 100-meter 
zone, or those having a frequency range of 3,000,000 to 
30,000,000 cycles. 

Early experiments with these frequencies produced re- 
sults so erratic and contradictory that no symptoms of de- 
pendable laws of progapation were in evidence. Continued 
experimentation by many workers in this field however, in- 
dicates that short wave propagation is a wholly orderly 
process. It appears that nature again has refuted the chal- 
lenge of being slipshod in any of its methods. 

Evidence is increasingly cumulative that energy radia- 
tion at these frequencies is divisible into two wave groups 
and an intermediate zone as follows: 

(a) A highly attenuated ground wave which follows 
closely the established law of attenuation at long waves. 

(b) A slightly attenuated sky wave projected from the 
antenna at an elevation which insures that its transmission 
path is unobstructed by earthbound obstacles, traversing 
almost entirely the rarefied regions of the upper atmos- 
phere. 

(c) Intermediate between these two zones is one in 
Which the signal becomes very weak, or entirely non-exis- 
tent. This is the skip distance zone. 

The nature of the propagation characteristic of short 
waves for distances not in excess of 3,000 miles have been 
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studied at the Radio Experimental Station of the General 
Electric Company at South Schenectady, New York. Figure 
1 is a plot of the day and night signal audibilities as ob- 
served at South Schenectady for wave lengths of 26.4, 32.79, 
50.2, 65.5 and 109 meters. А radical difference in propaga- 
tion efficiency is indicated for both day and night observa- 
tions. Skipping was observed on the shorter waves 26.4 and 
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Figure 1—Day and night signals at various wavelengths. 
SIGNAL CODE 


0— No signal 3— Readable. 6— Fair. 9—Stroneg. 
1—.Just audible. 1—Faint. T—Good. to—V Very strong. 
2—Unreadable. 5—W eak. S— Loud. 


32.79 only. The skip at night exceeds the day skip by a 
ratio of nearly two-to-one. Unfortunately these tests did 
not extend below 26.4 meters into the region where the skip 
distance and diurnal effects are most marked. It has been 
observed by many investigators that increase of wave fre- 
quency results in increase of skip distance, and decrease of 
ground wave range. 

The fact that a skip distance actually exists indicates 
that the energy is radiated at a considerable elevation. The 
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further fact of long skip with shorter wavelengths indicates 
a relation between elevation and frequency. It is conceiv- 
able that the angle of projection may become so high that 
the wave front does not again come down to earth. This 
appears to be a plausible explanation for the ineffectiveness 
of frequencies greatly in excess of 30,000 kc. (10 meters) 
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Figure 2—Diurnal signal variations on three typical wavelengths and 
traffic channels. 


day or night. Even at frequencies as low as 15,000 kc. 
(20 meters) the atmosphere absorbtion at night is normally 
not sufficient to refract the wave front sufficiently to bring 
it down to earth. It will be noted that the physical mechan- 
ism of propagation may be accounted for without reference 
to an upper reflecting layer, but rather by the combined 
effects of wave frequency and the relative ionization of the 
atmosphere. 

It is to be expected, if the above hypothesis is tenable, 
that light and darkness with their equivalent high and low 
ionization values will have a marked effect upon the 
Strength of short wave signals. 
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This diurnal effect is well illustrated by the characteris- 
tic hour by hour signal intensities observed on 3 typical 
long distance circuits of the Radio Corporation world net- 
work as illustrated in Figure 2. It will be noted that the 
15-meter signal is most effective during the daytime or dur- 
ing the period of high ionization. The overlap of 3 hours 
between 6 and 9 P. M. may possibly be explained by residual 
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Figure 3—Relation between distance and day waves vs. night waves 
at 250 and 3000 miles. 


ionization of the atmosphere since it was summer at Buenos 
Aires when the data were obtained. 

The 43-meter signal is seen to be effective only during 
the hours of low ionization or when the transmitter is com- 
pletely in darkness. 

Intermediate between these extremes must be a fre- 
quency which is less susceptible to relative atmospheric 
ionization. This may account for a characteristic somewhat 
similar to that of the San Francisco-Tokyo result shown 
in the middle graph of Figure 2. 

It will be apparent from the data already presented that 
certain wavelengths are most effective at night, whereas 
others are only effective in the daytime. This diurnal wave 
characteristic is also to a certain extent a function of dis- 
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tance. For instance, reference to Figure 3, shows that at a 
distance of 250 miles waves ranging from 45 meters and 
above are stronger night than day signals. At three thou- 
sand miles, wavelengths above 24 meters are night signals 
and below 24 meters have stronger day than night signals. 
The 35 meter wave may develop a day signal at 250 miles 
and a night signal at 3000 miles. This condition is indicated 
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Figure 4—Diurnal characteristics for short wave transatlantic 
operation. 


by the dotted vertical line of the figure. While the values 
submitted are not claimed to be exhaustive and invariable, 
they do indicate a definite trend which is being checked up 
by daily experience. 

Many data have been accumulated by the Radio Cor- 
poration of America relative to the number of workable 
hours and the best hour for trans-Atlantic operation as a 
function of wavelength. These data are based upon an input 
of 10 kilowatts into a single wire vertical radiator. The 
results are plotted in Figure 4. It will be observed that a 
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33-meter wave gives the maximum number of hours of op- 
eration for trans-Atlantic working. It is also indicated that 
the day time band for this distance lies between 17 and 40 
meters. It is also of interest to observe that with a non- 
directional type of antenna and 10 kilowatts antenna input 
at least two waves will be required to insure 24 hours of 
trans-Atlantic operation. 

In further evidence of the fact that relative atmospheric 
absorption may account for the day and night effects above 
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Figure 5—Calculated signal strength—100-meter wave over salt water. 


noted, signal strength versus distance characteristics have 
been caleulated and plotted under conditions as shown in 
Figure 5. The daytime absorption coefficient value .0015 is 
that normally assumed at long waves over salt water. The 
night time coefficient .000075 is chosen as a result of ob- 
served experimental data on the 100-meter wavelength. 
The dotted curve indicates signal strength with zero atmos- 
рһегїс absorption assuming the signal to obey the inverse 
law only. Of particular interest is the "hockey stick" shape 
of the night signal characteristic. This indicates one possi- 
ble explanation of the distance effectiveness of short waves 
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in view of the remarkably good signal-to-static ratio which 
always obtains in the short wave band. 

There is every indication that the Austin-Cohen trans- 
mission formula will be applicable to the short wave band 
when experience has indicated the normal values of the 
attenuation constant to be applied to each band of 1000 kc. 
The new values of this constant will probably lie between 
000075 and .0005. 
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Figure 6—Comparative strength of signals calculated for 250 and 1000- 
watt antenna inputs at 29.5 meters œ — 0.00075. 


Figure 6 is of interest in showing the relatively small 
caleulated increase in signaling distance at 29.5 meters 
when the antenna power is increased, in the ratio of 4 to 1 
namely from 250 to 1000 watts. This calculated result is 
well in agreement with practical experience. 


II—FREQUENCY STABILIZATION 


One of the problems of first importance in short wave 
operation is that of holding constant frequency. In order 
better to realize the significance of this problem it is suffi- 
cient to contemplate that the range of average audibility is 


508 Hallborg: Some Aspects of Short-Wave Operation at High Power 


usually taken as 20,000 cycles. If we assume that transmis- 
sion is on a wavelength of 15 meters, or 20,000,000 cycles, 
then a frequency change of the order of one percent repre- 
sents a cyclic change of 200,000 cycles. This one percent 
change is ten times the entire audible range. A change 
equal to the audible range is equal to a shift of frequency 
at 15 meters of only 1/10 percent. Good practice requires 
that the frequency shift shall be not in excess of 100 
cycles. This means that at 15 meters a frequency change of 


100 


20,000,000 = 0009 per cent is the maximum permissible. 


Of the various factors that contribute to stabilization of 
frequency the following may be enumerated: 


(a) The filament emission must be kept at a constant 
value. A well regulated d-c. source is better than a-c. al- 
though obviously less flexible. Tests conducted on the West 
Coast by the writer in which the filaments were transferred 
from an a-c. to a d-c. source, all other conditions the same, 
proved that frequency shifts on a 29.3-meter transmitter 
could be introduced merely by the slight emission variations 
incident to the use of an a-c. source instead of d-c. 


(b) The plate voltage supply must be well smoothed and 
the load regulation must be good. A ripple value of 1° 
or less, with a regulation not in excess of 10% may be con- 
sidered good practice. In extreme cases it may be necessary 
to provide an auxiliary load which acts to keep the rectifier 
load constant under all conditions. 

Thermal expansion in the coil or condenser units may 
change the circuit constants. This trouble may be elimin- 
ated by conservative design which results in lowering the 
unit stresses. 


(d) Finally the frequency may be kept constant by 
piezo-electric crystal control. А quartz crystal has the pro- 
perty of oscillation of a fixed frequency determined by thick- 
ness. This oscillation frequency is maintained during the 
life of the crystal providing its thickness is not altered by 
thermal expansion. To insure constant temperature the 
crystal may be mounted in a separate container the tem- 
perature of which is controlled by a thermostat. 
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III—COMPARISON OF CRYSTAL CONTROL CIRCUITS 


All circuits which utilize crystal control are similar inso- 
far as they attempt to impress upon the antenna energy the 
frequency stability of the crystal. However, since the energy 
available at the crystal is a few watts at most, and that to 
be controlled several thousand watts, it is obvious that there 
are many pitfalls in the train of circuits from crystal to 
antenna. For this reason not all crystals succeed in justify- 
ing their prime reason for existence. 

Crystal control circuits may be divided into three classes 
as follows: 

(1) Crystal amplifier 
(2) Harmonic selector 
(3) Frequency doubler. 


The crystal amplifier, Class (1), is distinguished from 
the others, in that the frequency of the crystal, and that at 
the antenna are the same. This means that the energy of 
the crystal must be applied to the antenna through a cascade 
system of straight amplification. There is consequently a 
practical limit to which this method can be applied which 
is determined by crystal thickness and life. Crystals are 
being ground for frequencies as high as 10,000 kc., or 30 
meters, but for lorg life the use of a crystal ground to 3,000 
ke., or 100 meters ,or above is preferable. 

The harmonic selector circuit, Class (2), utilizes a thick 
crystal oscillating at 100 meters or above. This 100 meter 
oscillation is then fed to the grid of a selector circuit, the 
value of grid bias of which is adjusted so that the third, 
fifth or seventh harmonic as desired may be selected. The 
final frequency of operation is obtained in the selector stage, 
which is followed by a system of straight amplification. The 
energy available in the selector stage is roughly inversely 
proportional to the harmonic selected. 

The Frequency Doubler Circuit Class (3) also utilizes 
a thick crystal oscillating at 100 meters or more. This 100- 
meter oscillation is then fed to the grid of a second stage the 
bias of which is adjusted to maximum amplification of the 
2nd harmonic, or double frequency value. The second stage 
would thus oscillate at 50 meters assuming a 100-meter 
crystal. The second stage may then be similarly fed to a 
third stage adjusted to select the 2nd harmonic of the secz- 
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ond stage namely, 25 meters, and so on. This system has the 
advantage of reducing direct coupling effects between 
stages and the disadvantage of less perfect control of re- 
generation. 

Perfect control of the antenna energy by crystal requires 
that there shall be no parasitic oscillations in any of the 
amplifier stages. This requires that each stage shall have 
sufficient energy to drive the next succeeding stage without 
resort to regeneration. 


IV—FEATURES OF DESIGN AND ADJUSTMENT OF 
20-KILOWATT AMPLIFIER 


It is obviously not possible in a brief summary of this 
nature to do more than indicate a few of the most essential 
features of the design or adjustment of a high power short 
wave power amplifier. Each detail of the apparatus would 
require to be separately considered, for a thorough analysis. 
This is obviously beyond the attempted scope of this paper. 
The most essential requirements for successful operation 
may be specified as follows: 

.Tank Circuits—These should be designed for a kilo- 
voltage value at least 20 times the rated output of the driv- 
ing tubes in kilowatts. This insures stability of operation 
in that the tubes readily deliver their energy to the tank 
circuits in preference to a parasitic circuit. Parasitic cir- 
cuits are ever present at these “super frequencies." 

Stabilizing Circuits. These should be designed with the 
shortest permissible leads and with the idea of reducing 
to a minimum the kilovoltage in these circuits. 

Symmetry. The circuits must have mechanical and elec- 
trical symmetry, particularly in the push-pull type of 
amplifier to insure that the load is equally shared by the 
respective tubes. 

Grid Leads. Tubes must be provided with extra heavy 
grid leads and seals due to the heavy charging currents that 
flow at these frequencies in the inter-electrode capacities. 
A value of 60 amperes in the grid lead of а water-cooled 
tube is not uncommon. The inter-electrode capacities of the 
tubes used must also be reduced to minimum practical 
values. 

Stabilization. The success of any system of cascade am- 
plifications depends upon suppression of regeneration in 
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any or all of the stages. There are various means of stabili- 
zation one of which in the case of a push-pull amplifier is 
shown in Figure 7. It will be noted that the potential dif- 
ferences between grid and plate elements of the tubes are 
reduced by the adjustable balancing condensers connected 
as shown. The respective potentials of the various parts of 
the circuit at any instant are as indicated. In practice the 
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Figure 7—Capacity bridge method of neutralization, showing also 
application of pick-up loop and stick voltmeter. 


process of stabilization adjustment is to excite the grids 
of the power amplifier with plate voltage off. By means of 
a pick-up loop meter, the power amplifier tank circuit is 
adjusted to resonance with the grid excitation. Resonance 
is indicated by a maximum reading of the loop meter 
coupled to the tank circuit. The process of stabilization is 
then to vary the stabilizing condensers until the pick-up 
loop meter indicates a minimum. These combined adjust- 
ments are therefore equivalent to the condition of tank cir- 
cuit in tune with grid excitation and regeneration at the 
lowest value obtainable from the existing physical condi- 
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tions of the circuits. Figure 7 also indicates the use of the 
“stick voltmeter". This useful device consists merely of a 
piece of pointed metal on the end of an insulating rod. The 
relative potentials of any parts of the circuit are gauged by 
the lengths of the respective arc discharges. This is a very 
simple but effective implement for the manipulation of high 
power short wave circuits. 
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Figure 8—Methods of energizing S. W. Antennas. 


V—ANTENNA AND FIELD SYSTEMS 


With the advent of short wave transmission, the con- 
ventional forms of long wave antennas, which have involved 
quarter wave radiators in various combinations, have of 
necessity required radical modification. The underlying rea- 
son for this change of point of view is the fact that a rela- 
tively short antenna wire can be made several quarter 
wavelengths long. The result of this situation has been that 
radiators, in some instances very many wavelengths long, 
have been used. Short wave antennas are usually referred 
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to as 14 wave, 34 wave, full wave, 7/4 wave antennas, etc. 
They divide themselves normally into two groups as follows: 
(a) Even harmonic antennas. 
(b) Odd harmonic antennas. 
Since these antennas are normally referred to as odd or 
even harmonic, and since the harmonic is considered as 


WAVELENGTH $2.79 
ANTENNA INPUT 10 KAW. 


AVERAGE SIGNAL STRENGTH 


Figure 9—Comparison of signals from half wave vertical and hori- 
zontal antennas. 


South Schenectady Tests. 


а quarter of one wavelength an important relation may be 
immediately established, namely: the relation between the 
transmitting wave in meters, and the physical equivalent 
Wire length of the harmonic in feet. This relation is as fol- 


lows: = 82 А feet length of wire. 


In other words, the length of antenna wire in feet re- 
quired for one quarter wavelength is equal to 82% of the 
wavelength in meters. This is on the assumption that the 
speed of wave propagation in the wire is the same as the 
speed of light which assumption is accurate enough for all 
practical purposes. From the above relation the actual phy- 
sical length of any odd or even harmonic antenna may be 
calculated. 
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Figure 8 has been drawn to indicate various methods of 
energizing the short wave antenna system. The distribution 
of current and voltage in the antennas at any instant has 
been indicated by the solid and dotted waves respectively. 
The adoption of one antenna system or the other is usually 
determined by local conditions. 


EER 
9 | À = 37 MEYERS Lj 


A INPUT = 15.3 Kw, RAO. II 
INPUT 13.7 ким. RAO. 6 | 


RELATIVE SIGNAL STRENGTH 
(4) 
4 


NE ОИ e ue | 


T 8 2 10 ut 12. I 2. 3 
AM Pm ` 
PACIFIC STANQARO Time 


Figure 10—Comparative signal strengths from three-quarter and seven- 
quarter antennas. 
Bolings, Cal transmitting, NWokohead, T. H., receiving. 


Many tests are being conducted to determine the relative 
effeetiveness of the various antenna tvpes. The radiation 
effectiveness of any tvpe of short wave radiator is compara- 
tively so high that conclusive results are difficult to obtain. 
This subject is still being exhaustively investigated. In 
Figure 9 is shown a comparison obtained at South Schenec- 
tady of observed signals from a horizontal and vertical half 
wave antenna at 22.79 meters and 10 kilowatts antenna in- 
put. This data indicates the vertical half wave antenna to 
be superior to all distances above 500 miles. 

Figure 10 plots the comparative strength of signals re- 
ceived at the Radio Corporation of America's station at 
Kokohead, Hawaii, from a ?, and 7/4 wave antenna at the 
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Radio Corporation station at Bolinas, California, 2,100 miles 
distant. This comparison was carefully made by switching 
from one carefully tuned antenna to the other, alternately 
at fifteen minute intervals. The approximate forms of the 
antennas are as indicated at “A” and “В”. It will be noted 
that the 7/4 wave antenna produced a much stronger signal 
throughout the test. Possible reasons for the greater effec- 
tiveness of the longer antenna are: 

(a) Greater effective height 

(b) Ground losses lessened 

(c) Unit antenna stresses lowered. 

Conclusive data on antenna systems are difficult to ob- 
tain. This subect is continually under investigation by the 
Radio Corporation and its associated companies. Valuable 
contributions to this interesting phase of short wave trans- 
mission including the effectiveness of directive systems may 
һе expected in the near future. 


VI—STATIC ON SHORT WAVE CIRCUITS 


The striking advantage of the short wave for long dis- 
tance communication is the excellent signal-to-static ratio, 
which is obtained. In fact static ceases to be a problem in 
the short wave art. Many instances have been noted in 
which the short wave signal has been entirely readable at 
the same time that long wave signals were being hopelessly 
mutilated. Static does exist on certain portions of the short 
wave band, principally in the spectrum above 30 meters ; but 
it is seldom strong enough to be a practical obstacle to re- 
ception. Below 20 meters it may be safely considered as 
non-existent. 

Figure 11 is a graphice record of the relative strengths 
of signal and static taken at the height of the static season, 
in July, 1926, on the Radio Corporation of America's New 
York-Berlin short wave circuits. The relative strength of 
static on 74 meters as compared to that on 423 meters is of 
interest. These measurements were made at the receiving 
station of the Telefunken Company at Geltow, Germany. 


VII—DEsTINY OF THE SHORT WAVE 


It is interesting to speculate on the destiny of short 
Wave communication in the light of present knowledge, 
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This speculation of course must be considered solely as the 
personal judgment of the writer. It assumes that the ma- 
jority of the defects that now limit the full application of 
these “super frequencies” have been eliminated. It antici- 
pates by some years the results of present research. Their 
destiny then may be anticipated as follows: 

(a) To spread out the available signaling spectrum to 

enormous values. 
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Figure ii бешдагануё кые: of a and static. 
New York-Berlin circuit, July, 1926. 


(b) To facilitate communication to great distances. 

(c) To eradicate the static problem, especially in the 
tropics. 

(d) To permit the fullest development of beam and 
directive radiation systems. 

(e) To permit keying speeds far in excess of present 
accepted limits. 

(f) To make possible the transmission of perfect fac- 
similes, heralding the end of telegraphy as we 
know it today. 

(g) To form the inevitable background upon which 
intercontinental television will eventually be 
built. 
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Summary: Propagation data over the frequency range 
of 3,000 to 30,000 kilocycles is submitted. A co-relation is 
shown between wave frequency and angle of projection of 
the wave front. The effect of ionization on the angle of 
projection is indicated. Some calculations are given of pro- 
bable values of attenuation constant. : 

The importance of frequency stabilization is discussed. 
Three typical circuits for utilizing control crystals are 
described. | 

Features of the design and adjustment of a 20-kw. power 
amplifier are outlined. 

Antenna and antenna feed systems are discussed. 
Graphical results of comparisons of various antenna types 
are given. 

The relative importance of static at short wave lengths 
is considered. 

The author's anticipation of the destiny of the short 
wave is summarized. 
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MAXIMIZATION METHODS 
for 


FUNCTIONS OF A COMPLEX VARIABLE 


BY 
WALTER VAN B. ROBERTS 


(Radio Corporation of America, Technical and Test Department, New York) 


In a previous paper it was shown that maximization of 
the absolute value of a function of a complex variable could 
be obtained, in some cases very easily, by proper use of the 
derivative of the function. It will now be shown that there 
are a number of different conditions that may be imposed 
upon the derivative, with various results. 

Figure 1 shows, in the complex plane, a curve represent- 
ing the locus of a function of a complex variable as the in- 
dependent variable traces a certain path (not shown). 
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Figure 1 


When the independent variable moves an infinitestimal 
amount dz the dependent variable F moves an amount dF 
which is an infinitesimal vector forming part of the curve 
of Figure 1. Furthermore, dF — p dz. 
Five conditions immediately suggest themselves to be 
imposed upon dF: 
519 
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(1) Require dF to be parallel to the axis of real quanti- 


ties by equating to zero the imaginary part of onde (in 


other words, argument of dz = 0° ог 180°. The solution 


of this equation gives the value of z that makes the imagin- 
ary part of F stationary in value, usually a maximum or a 
minimum as at “Г” or “i” of Figure 1. 

(2) Require dF to Es parallel to the axis of imaginaries 


by equating to zero the real part of x dz (in other words, 


arg 1 dz — + 90°). The solution of this equation gives the 


value of z that makes the real part of F stationary in value, 
usually a maximum ог a minimum as at “R” or “r” of Fig- 
ure 1. 

(3) Require dF to be parallel to F by equating to zero 


a. ds 


the imaginary part of dz К The solution of this equation 


gives the value of z that makes the argument of F stationary 
in value, usually a maximum or a minimum as at “A” or “a” 


of Figure 1. 
(4) Require dF to be perpendicular to F by equating to 
dF dF a, 
dz 


. The solution of this equation 


zero the real part of F 


gives the value of z that makes the absolute value of F sta- 
tionary in value, usually a maximum or a minimum as at 
“М” or “т” of Figure 1. 

(5) Require dF to vanish by equating to zero both the 
real and imaginary parts of ~ . The solutions of these two 
equations give the conditions under which F is momentarily 
entirely unaffected by a small change in z. This state of af- 
fairs is not shown in Fig. 1. 

Following are examples to illustrate the application of 
the above five processes, the examples being so chosen that 
the correctness of the results is easily checked by other 
methods. The examples are worked out at somewhat greater 
length than would be necessary in actual practice. 

(1) Suppose it is desired to determine what adjustment 
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of the condenser in Figure 2 will make the reactance of 
the divided circuit a maximum or minimum. Calling the 
impedances of the two branches Z, and Ze, the value of F is 

Z, Zc 
Z, + Zc 


В . A 
(1) equate to zero the imaginary part of Z Zy dz.. But 


and the independent variable is Zo. Following rule 


since the change in 2с is purely imaginary (the condenser 
being free from losses) the equation may be written: zero 


equals the real part of Zz) . For the purpose of this 
particular problem it is more convenient to express this equa- 


tion in the alternative manner: arg (y=) = + 90°. 
L C 


From this it follows that arg (525) = +90°, whence 
` L 


arg 45- = 45° or + 185° which тау be written 
arg (2, + 2с) = arg Z, = 45°, or = arg Z, + 185°. But 
of these four possibilities only two make the real part of 
(2.--2с) positive, as it must be if the circuit resistances are 
positive. Therefore the only two conditions to be considered 
are arg (Z, + 2с) — arg Z, — 135? and arg(Z, 4-Zc) = arg 
Z, — 45°. If Zo is so adjusted as to satisfy the first of these 
the reactance of the divided circuit will be at its maximum 
value, while if 2с is so adjusted as to satisfy the second con- 
dition the reactance will be a minimum—that is, in this 
circuit the reactance will have its greatest negative value. 
It is of interest to note from the above two conditions that 
if arg Z, is less than 45° no positive maximum can occur. 
Usually however such circuits as that of Fig. 2 have rather 
low resistances, and in this case greatest positive reactance 
and greatest negative reactance occur when Ze is so adjus- 
ted as to make the reactance measured around the closed 
circuit approximately equal to the resistance. If this reac- 
tance measured around the circuit is condensive, the 
reactance of the divided circuit is inductive, and vice versa. 

. (2) Let a voltage e be applied to an impedance z. The 


resulting current is - and the power absorbed is the real 


part of the product of voltage and current. In this сазе the 
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complex function F is T and to find out under what condi- 
dition its real part is maximum apply rule (2), which leads 
to the equation: zero equals the real part of (Са). Ве- 


fore going any further we must decide in what manner 2 is 
to be varied. Two simple cases will be considered, (a) the 
imaginary part of z is kept constant while the real part is 
varied, and (b) the real part of z.is kept constant while the 
imaginary part is varied. In the first case dz is a real quan- 
ш so the condition becomes : zero equals the real part of 


—74- . This is obviously satisfied if arg zis + 45° or + 185°. 
In other words, for maximum power the resistance should 


R, 
t, 
Ze t ay Z. 4, C, 
f, R, 


Figure 2 .- Figure 3 Figure 4 


be adjusted to pa the reactance. In case (b) dz is imag- 
inary, hence — z is real. This condition is satisfied if arg z 


equals 0, 180, or +90. In other words the power is maxi- 
mum if the reactance component of z is made zero, and 
minimum only if the reactance becomes infinite. 

(3) Suppose that in the circuit of Fig. 2 it is desired to 
determine the condenser setting that makes the angle of 
lead or lag of the divided circuit the greatest. That is, when 

Z, Ze 
21, + Lo 
Applying rule 3 we Pos the — 2 equals the imag- 


inary part of Uy z єз ee . But since dze is 


purely imaginary this is readily reduced to arg Z 
C 


will arg F be maximum or minimum where F is 


zzz) 
== + 90? whence arg (Z,,+ Z. ) — arg Z, — arg Z. + 90°. 
If the circuit resistances are positive only the latter alterna- 
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tive may be used. Hence the condenser must be so adjusted 
that if a voltage were inserted in the closed circuit a current 
would be produced that would lag the voltage by an angle 
as many degrees less than 90 as the sum of the angles by 
which Z, and Ze fail to be pure reactances. For example if 
arg 2, = 85° and arg 2с is between 89° and 90? then arg 
( Z, + 2с ) must lie between 84° and 85°. That is, the con- 
denser should be so adjusted that current in the closed cir- 
cuit would lag voltage by between 84 and 85 degrees. This 
gives the value of capacity fairly closely so that arg 2с may 
be estimated more closely than originally assumed, and 
using this more accurate value the adjustment of the con- 
denser may be obtained still more closely, and so on till as 
good an approximation as desired is attained. The interest- 
ing thing about this problem is that for values of capacity 
between zero and infinity there is only a minimum of the 
argument, and this corresponds usually to a condensive re- 
actance of the divided circuit. 

(4) Fig. 3 shows a generator of internal impedance Z, 
ronnected through an ideal transformer (that is, one having 
no losses or leakage, and infinite reactance windings) of 
turns ratio to a load of impedance Z,. The problem is to 
find what turns ratio will result in the greatest load cur- 
rent. The expression for load current is easily found to be 


te i: od ; ioco 
+E, ,-and this is the function F to be maximized. Fol- 


lowing rule 4, set zero equal to the real part of 2 Le E д er 
Е + CZ, t 


It is readily shown, either geometrically or by substitution 
of assumed real and imaginary parts for Z, and Z., that this 


equation is satisfied by t= A which is a well known 
L 


rule. 
(5) The impedance of the circuit element shown in Fig. 
. 2,2, 
4is Z, + 7 +7 
considering frequency as the independent variable. The re- 
"EE 
sulting equation is 0 — di + Tem . It is easy to show 


. Call this impedance F and apply rule 5, 


that if R, = R, and f = DIY the real part of the second 
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term is zero, and the imaginary part becomes 72 L, (F «m) 
р 3 


1 : . ee 
nd So in order to satisfy the equation it is only necessary 


to add the condition L, — 2L, Ke | An interesting 
3 


case occurs when L, — 0 and RF’ = for in this case the 


3 
derivative is zero for all values of frequency, so that the 
impedance of the combination is completely independent of 
frequency. This case is only one of several of the sort. 

In conclusion, it should be noted that no test has been 
given for determining whether or not it is legitimate to 
differentiate a given function of a complex by the same 
formal process as used for functions of real variables. The 
reason for omitting so fundamental a necessity is that the 
test may be found in any text book on complex functions, 
and also because any function obtained from circuit theory 
will almost surely be analytic, which means that it can be 
differentiated exactly as though all the letters represented 
real quantities. 

SUMMARY—The maxima and minima of a function of a 
real variable are found by equating to zero the derivative 
of the function. In the case of a function of a complex var- 
iable however the derivative is a vector quantity, so that 
conditions may be imposed upon its direction as well as 
upon its magnitude. These various conditions lead to maxi- 
ma and minima of the various aspects of the function. Rules 
are developed for setting up equations giving the various 
maximizing conditions, and a simple example is given illus- 
trative of the use of each rule. 


A MATHEMATICAL STUDY OF RADIO 
FREQUENCY AMPLIFICATION* 


BY 
VICTOR С. SMITH, B. A. SC., 


(The School of Engineering Research, University of Toronto, 
Toronto, Canada) 


INTRODUCTION 


There are two general methods of radio frequency am- 
plification, tuned and untuned. The latter is seldom used 
except in super-heterodyne circuits in conjunction with one 
or more tuned units or a band pass filter to provide the 
selectivity. Theoretically, this untuned super-heterodyne 
with a band pass filter is the best type possible. However, 
the voltage amplification of the untuned type of transformer . 
is at present very unsatisfactory, as tube and winding capa- 
cities are exceedingly troublesome. 

There are two methods of tuning in use. We may either 
tune the frequency to the circuits or the circuits to the 
frequency. The first is the super-heterodyne method and 
the second is the common method of the neutrodyne and 
similar circuits. 

It is this latter type that we shall study particularly 
though many of our results are more general than this. 

Throughout we shall assume a steady state, leaving 
transients for further consideration. By this assumption we 
may apply the ordinary vector methods of alternating cur- 
rent theory. 


THE AIR CORE TRANSFORMER 


The fundamental circuit of the transformer is that 
shown in Figure 1, where the symbols have their usual 
meaning. | | 

In terms of vectors and complex operators} we may 


*Presented before the Canadian Section at Toronto, January 5, 1927. 


fAll vectors and complex operators are printed in Clarendon type, scalars are 
in ordinary type. If a distinguishing mark is required in script, a bar or 
dot over the letter will provide it. This is usually unneces3ary. 
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equate the emfs. and impedance drops around each circuit. 
We get 


Е, = Z, I, — mI, (1) 
0—2,1,— mI, (2) 
where Z, = R, + X,j7 ,X,= (Le — a ) m = Mu, etc. 
19 
Eliminating I, and solving for I, we get 
__ __ E, 
EE р е 
—— —m 
m 


This is a general vector equation for the secondary current 
which we shall have to study to find out how to make it a 


Figure 1—The Fundamental Circuit of the Transformer 


maximum. We could continue to work with vectors! but it is 
better to change to absolute values. We have 
Z;Z,—(R,-4J-XJj)(R,4-X,)-a- bj, (4) 
where a= R, R,— X, X,, 
and b — R, X, КЕ, X,. 
Then (3) becomes 


I E, | Е, (5) 
?^ a+b b a à 
Maj — ito — (ata + Mey 
If KI, is the conjugate of I,, 
==], KI, = 
E, E, 2 
b ү? а : - oe Д | 


(6) 


'W. В. Roberts, PROCEEDINGS I. R. E., Vol. 14, No. 5, Oct. 1926, “А Method 
for Maximization in Circuit Calculation.’ 
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which is the general equation in scalars in place of the vec- 
tor equation (3). 


CONDITIONS FOR MAXIMUM 


(a) If M only varies J, is a maximum when 

Mw = vo Lb -—2,2,, (7) 
as may be seen by inspection of (6) or by differentiating. 
(b) If X, only varies, J, is a maximum when 


da 1 da db 
ix, Ma\* ax, T ? dx,)- ?' (8) 
which, on substituting for (a) and (b), leads to 
M o 
X, Em Z X, . (9) 
(c) If X, only varies, I, is a maximum when 
М? P Р 
A VE Х,. (10) 


Now these three maximum conditions are not indepen- 
dent. If we satisfy any two of them the third is also satis- 
fied. All three are satisfied if 


X, X, 
Е, Е, (11) 
and M’ „== 2, Z, =R, Е, р Х,Х,= 21. (12) 


But these two equations can always be satisfied by adjusting 
any two of X,, X, and M; it is not necessary to vary all 
three. 

The most obvious result of this is that it is unnecessary 
to tune an aerial which 15 coupled to a tuned secondary 
circuit. 


MAXIMUM SECONDARY CURRENT 


When equations (11) and (12) hold the general equation 
(6) reduces to the simple form 
E, 
I, = == 
2v R, R, 
This is the maximum possible secondary current. 


(13) 


A TUBE CONSTANT 


A tube acts as a generator with an emf. „Е, where E, 
is the grid voltage, and an internal resistance R, the plate 
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impedance. Then for an interstage transformer we have 
E, == Е, 
R, = R, very closely, 
and the voltage applied to the next grid is 


c. I, — L,o L,, nearly, 
for Low = nearly in an interstage transformer. 
gw 
Hence the amplification is, under ideal conditions, 
E, 1 p Lo. (14) 


Е. 2 vR, УЕ, 
Now — is a tube constant* which should be used in place 


p 
of the mutual conductance as a measure of its efficiency in a 


° . . . L, . 
radio frequency circuit, while — S is a factor of the secon- 
2 


dary coil which might well be listed for various coils. 


THE FRIMARY CURRENT 
From (2) and (3) we get 


posco 


2+ —у- 
Under ideal conditions, when (11) and (12) hold, this re- 
duces to 


PT (15) 


_ _Ё, 
= i (16) 


Hence we see that the reaction from the secondary current 
is to make the primary circuit effectively a pure resistance 
of twice its true value; all primary reactance has in effect 
disappeared. 


THE SECONDARY CURRENT 


From equations (3), (11) and (12) we get: 


— E, X ers Rij 
a a n 


This shows that when the reactance of the primary cir- 
cult 15 small in comparison with its resistance the secondary 


*The square ot this constant, f! . ls sometimes used; it is then a 
conductance, А 
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current leads the primary voltage by nearly a right angle. 
The departure from a right angle is just enough to provide 
the reactive voltages required in the primary. 


ENERGY RELATIONS 


The power dissipated in each circuit is: 


In the primary, I’ R, = n А (18) 
Fri 
In the secondary, /,’ R, = zn (19) 
261 


Both are the same, which is the required condition for the 
maximum output from the primary circuit to the secondary 
circuit. 


FIXED MUTUAL INDUCTANCE 


In many circuits the primary reactance and the mutual 
inductance are fixed, only the secondary reactance is varied. 
Sometimes the mutual inductance is varied in a rough man- 
ner with the secondary condenser. The question of the be- 
haviour of these circuits arises. 


THE PRIMARY CURRENT 
Substituting (9) into (15) we get 
(к, pod ы a ) — X, (R: Е zy 
I, == Е, . : 2\ — 2 - 
М Rh, 4+ 2, KR, 

i (20) 
which shows that if M is greater than its proper value, the 
nature of the primary reactance is in effect reversed, an 
inductive reactance is changed to a condensive reactance 
and vice versa. 

If M is less than its proper value, the nature of the pri- 
mary reactance is unchanged. 


THE SECONDARY CURRENT 
Substituting (9) into (3) we find the maximum secon- 
dary current when X., only is varied to be 
Т.— E, AN A 
dd (z £y р ) Z, (21) 
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Comparing this with (17) we notice that the phase with 
respect to the primary voltage is the same as under the 
best conditions. On reducing (21) to its scalar equivalent 
we get 


(Mau Z, 1 ` (22) 


Using this formula the curves for an aerial type and an 
interstage type of transformer were drawn. They are shown 


o 


MAX SEC CURRENT 
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Figure 20 Charaeteristies ot an Aerial Type Transformer when the 
secondary only ds tuned. Three wavelengths, 200, 350 and 35” 
Welters are shown The constants used аге: 


R SU ORMS R — 1" ohms 
te ОЕА ЕКЕ L — 29" microhenrys 
C = ore Wava С — 350 micromicrofarads 
Fee е чүүлү iun 
NA u F ‘an Wavelensch 337 meters 


Figures 2 and S respectively. For simplicity the resis- 
какос Geet Best eq se SK ary with the frequency, thus 
UIANIURÓ АС Three curves have the same peak in each case. 
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Figure 2 is extremely interesting as it shows that very 
loose coupling is required at and around the frequency for 
which the aerial is naturally resonant. This has been called 
an absorption band because, with fixed coupling, as is often 
used, the response is very poor in this region. But it is not 
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Figure 3—Characteristics of an Interstage Type Transformer when 
the secondary only is tuned. Three wavelengths, 200, 350 and 550 
are shown. The constants used are: 


R, — 10,000 ohms R, — 10 ohms 

L — 46 microhenrys i — 290 microhenrys 

С, — © C, — 350 micromicrofarads max. 
E, — 1 millivolts 


an absorption band in any sense of the word, it is merely 
a band of frequencies in which the coupling must be very 
accurately adjusted to small values. 

This band may be avoided by using a series condenser in 
the aerial so as to make its natural frequency higher than 
any in range over which the set must operate. A loading 
coil will also have the same effect by decreasing the natural 
frequency below the lowest of the range. 

But in case some one local station is troublesome we 
may use this loose-coupling band as a means of getting 
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greater selectivity in the region of that station by making 
our aerial naturally resonant to that station. This almost 
seems contrary to common sense at first. 

Figure 3 shows that the coupling of all transformers 
should be varied with the frequency but that in the inter- 
stage transformer the high primary resistance makes the 
adjustment very rough at all frequencies. 


TUBE CAPACITIES 


In all radio amplification the capacities between tube 
elements are troublesome. Various methods have been de- 
vised for neutralizing the grid tə plate capacity to prevent 


Figure 4—The Roberts' Circuit and its Equivalent Bridge Form. 


all interaction between the grid circuit and the plate circuit 
other than the true electronic action of the tube. All of these 
methods are simply inductance capacity bridges, or perhaps 
just capacity bridges, some in the grid circuit, some in the 
plate. 

The Roberts' circuit and its equivalent bridge arrange- 
ment are shown in,Figure 4. This bridge is not quite per- 
fect, for the primary coil P has some resistance, whereas it 
should have none at all, and the coefficient of coupling be- 
tween N and P is never quite unity as it should be. 

Note that the primary and the neutralizing coil should 
be quite closely coupled and must be related to the secondary 
in a symmetrical manner, for the secondary has a greater 
effect upon the primary emf. than the primary itself. 

We also see that the tube has an input capacity of nearly 
(Cy. + 2C, ), while there is an output capacity shunting 
the plate to the filament which is effectively ( Cpe + Ce ). 
[t is at least C,, in any circuit. 
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In case any should think this negligible just note that 
at 1,500 kilocycles, 10 micromicrofarads had an impedance 
of 10,600 ohms, which is of the same order as the plate 
impedance of many tubes. 


OUTPUT CAPACITY 


Let us call the output capacity C., which must include 
all capacities from plate to filament. The equivalent circuit 
is shown in Figure 5. 

Let the voltage from “а” to “b” = V,. 

Then we may write the equations 


V, — E, — E, (І -- I, 2, (23) 
V.=2, I, —mL, (24) 
I, — V. C. vj, (25) 
0 — 2, I, — mI, (26) 


where Z, does not include R, as it has previously. 
Eliminating V, and I, we get 


E,  _ E, 
IFR, Oo (2. E прес)“ та 
0—2, 1, —mI, (28) 


From these equations it is seen that the tube behaves ех- 
actly as though it had a complex amplification factor 


p 
E= ERG 97 
and а complex plate impedance* 
р — R, u R, ЕС, о 
TER Co IRO.: I RO: 
(30) 
which is as though the plate impedance were reduced in the 
ratio of шы NEM and a series capacity LER, Cs an 
1+ Rk, Сг ЕС, о 


were in the plate circuit. 

*This is merely a special case of a general theorem which says that 
generators in parallel, having ег. E, E, ERES E, any of which 
may be zero, and impedances 2, Z» M ead Zo are exactly equiva- 


1 1 1 
lent to one generator with an impedance Z, where т => z 
1 2 


d d f. E—Z E, Е; E, This 
+ ANAE . an an emf.. E — (тл + ------ z). 


n 
is easily proved as above by assuming an unknown bus bar voltage. 
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The effect of the output capacity upon the secondary 
current is a slight change in phase and value. If we neglect 
the resistance and reactance of the primary coil in compari- 
son with the fictitious plate impedance and the reactance 
of the fictitious series condenser there is no change what- 
ever. 

We may prove this by substituting (29) and (30) into 
(17) or by studying the vector diagram to which these 
equations lead. 


Figure 5—Fundamental Circuit of the Interstage Transformer When 
the Output Capacity of the Tube is Considered. 


However, the output capacity forces the secondary cir- 
cuit to have a considerable condensive reactance which in 
turn forces a considerably closer coupling than we should 
expect if we neglected it, for equations (11) and (12) must 
be satisfied to get the best results. 

. To construct this note that 


on H E., 
Bi 1+ R, Coo) i (31) 
which lags E,, by ап angle tan` E, C, o 
ades вы (32) 


E, 
2 (R, + TE) 
which is in phase with B, 
Then we have 
E, =M ој Li; ` (33) 
which leads I, by 90°. 


Now I, leads E, by an amount tan" x, = tan" X, , which is 
R, R, 
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usually only slightly less than tan” RE, С.о. This brings I, 
nearly at right angles to E,, and its value is given by 

E, 
I, = ny > ср к= ыы ERA e (34) 
/ (f. приет) ® 
2v PTS 
Finally the condenser voltage E,, lags nearly 90° behind I, 
andis given. by 


_ I, 
Кыке: е (85) 
which completes the diagram. 
Other vectors can be added as desired. 


Figure 6—A Vector Diagram of the Interstage Type Transformer When 
the output capacity is considered. 


REGENERATION 


Strictly speaking, the regenerative transformer also 
_ comes under the heading of radio frequency amplification. 
However, it is far too lengthy and important a subject to 
be added here, as it requires to be treated from first prin- 
ciples and not as an extension of this work. 


MUTUAL CAPACITY 


We have throughout assumed that the capacity between 
the primary and the secondary is negligible. A very little 
thought will show that all such capacity is very objection- 
able, especially as the two coils are usually connected to- 
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gether at one end by a common battery. Such capacity must 
be kept as small as possible. 
SUMMARY: The necessary conditions for the maximum 
secondary current are z — = and М'„ = 2, Z, which may 
1 2 
be established with only two variables making it unneces- 
sary to tune the primary. The secondary current is then 


E, 
I, = ——2—— 
2 y R, К, 
This leads to a tube constant — — as a measure of its 


р 


efficiency in а R. F. amplifier, also a coil constant oF for 


the secondary coil efficiency. 

When the secondary only is tuned the maximum secon- 
М X,. Curves of this 

1 
maximum secondary current are given in Figures 2 and 3 
and discussed there. 

The effect of tube output capacity is then studied, the 
solution being made to depend upon the previous work. In 
" fact all additional problems such as combined impedance 
and mutual inductance coupling, mutual capacity between 
the windings, etc., can be made to denend upon the funda- 
mental solution in a similar manner. We find that the effect 
of the output capacity is the same as though the tube had 
a complex amplification factor and a complex plate im- 
pedance. 


dary current occurs when X, = 


DISCUSSION ON 
VACUUM TUBE NOMENCLATURE" (CHAFFEE) 


M. W. Arps: While the writer agrees with Mr. Metcalfe 
that а nomenclature suitable for printing at moderate cost 
is desirable, it is desired to take exception to his estimate 
of the number of readers of the Institute interested in a 
paper of this ‘kind. | 

Without a nomenclature of the extent of Dr. Chaffee’s 
it would not be possible to write out the equations for the 
solution of certain vacuum tube problems, a fair example of 
of which was Dr. Chaffee's article on “Detection” in Volume 
15 Number 2 (February, 1925) Proceedings. 

The value of articles of this nature are not in the num- 
ber of readers that are immediately interested, but in the 
number of members of the Institute who will have occasion 
to use this article in the next five years, and will have the 
paper available when they do become interested in this sub- 
ject. 

It is not believed anyone would deliberately set down 
and calculate the efficiency of a detector by the formulas as 
given. On the other hand, after my engineer had found by 
test that one vacuum tube was better than the average, it is 
believed there would be no more exact, or quicker method of 
locating the reason the tube was better, than to measure 
the constants of the tube, drop them into Dr. Chaffee’s for- 
mulas, and grind out the result. 

Even though they never read the paper through until 
the need arises, the fact that an engineer engaged in radio 
consulting work may be called on at almost any time to 
handle a problem of this nature is what makes papers of 
this kind of value to members of the Institute. 


ee 


*Proc. I. R. E., Vol. 15, No. 3, March 1927, р. 182, discussion p. 253. 
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DISCUSSION ON 
LONG DISTANCE RECEIVING MEASUREMENTS AT 


THE BUREAU OF STANDARDS IN 
1925 (L. W. AUSTIN) 


Greenleaf W. Pickard: Mr. Sreenivasan’s discussion’ of 
Dr. Austin’s Paper contains a short tabulation of weekly 
averages of Bangalore recertion of Madras Radio, the dis- 
tance being 295 kilometers and the frequency 75 kilocyeles. 
Although the period of this tabulation is too short for a 
good comparison with terrestrial and cosmic elements, it 
may be of interest to contrast these measurements with 
sunspots for the same interval. Taking his weekly averages 


as ratios with the mean of the entire series, and plotting 
with inverted ordinates, the full-line curve А is obtained. 
The dotted-line curve B is made from the daily ratios of 
moving 7 and 27 day averages of the Wolfer Provisional 
Sunspot Numbers. 

These curves suggest an inverse relation between Indian 
reception measurements and solar activity, such as that 
Which I have found' for Dr. Austin's day reception at Wash- 
ington from distant low frequency stations during 1926. It 


IProceedings of the Institute of Radio Engineers, Vol. 15, No. 2, page 155, 
February, 1927. 

‘Proceedings of the Institute of Radio Engineers, Vol. 15, No. 2, Fig. 4, 
page 93, February, 1927 
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would be very interesting if Mr. Sreenivasan would com- 
pare, by the method which I have indicated above, a longer 
series of his 1926 measurements with sunspots, to determine 
whether this apparent inverse relation persists throughout 
the year. 

In view of an investigation now in progress, in which I 
have already analyzed Dr. Austin's reception data for 1917, 
1922 and 1923, finding in each of these years a direct instead 
of an inverse relation between sunspots and day reception, 
it would seem that 1926 might in this regard be an exception 
to a general rule. 
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INSTITUTE ACTIVITIES 


JUNE MEETING OF THE BOARD OF DIRECTORS 


At the meeting of the Board of Direction of the Insti- 
tute, held at 4:00 P. M. on June 1, 1927 in the Institute 
Offices, the following were present: Dr. Ralph Bown, Presi- 
dent; Frank Conrad, Vice-President; Dr. J. Н. Dellinger, | 
Donald McNicol, Melville Eastham, К. A. Heising, R. Н. 
Marriott, L. E. Whittemore, and J. M. Clayton, Assistant 

€cretary. 

Upon recommendation of the Committee on Admissions, 
the following applications for admission and transfer were 
2PProved: Transfer to the grade of Fellow: Dr. A. Hund. 
Transfer to the grade of Member: E. A. Laport and L. 
Spencer. Election to the grade of Member: F. K. Dalton 
and С. L. Lyons. | 

One hundred and forty-four Associates and nineteen 
Juniors were elected. | 

. A petition from Institute members residing within the 
VICinity of Atlanta, Georgia, for the formation of an Atlanta 

ection of the Institute was approved, and the Section was 
recognized. 


BINDERS FOR COPIES OF THE PROCEEDINGS 


. From the office of the Institute there are now available 
binders which hold twelve copies of the PROCEEDINGS. These 
binders are fitted with wire straps which hold each copy 
In Place. They are finished with Spanish grained and buffed 

lue fabrikoid with suitable engraved titles on the backbone 
4nd front cover. They can be purchased by members of the 
Institute for $1.50 each. 


NEW YORK MEETING 


At the meeting of the Institute held on June 1, 1927 in 
the Engineering Societies Building, 33 West 39th Street, 
New York City, a paper entitled, "Telephone Communica- 

lon Over Power Lines By High Frequency Currents’ was 
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presented by C. A. Boddie of the Radio Engineering De- 
partment of the Westinghouse Electric and Manufacturing 
Company. 

General discussion followed the presentation of this 
paper. 

The attendance at this meeting was one hundred and 
seventy-five. 

Copies of the paper, in pamphlet form, are available to 
members of the Institute upon application to the Institute 
Offices. 


News of the Sections 


ATLANTA SECTION 


The Atlanta Section held its first formal meeting on 
the evening of July 6, 1927. 

This Section is an outgrowth of the Atlanta Association 
of Radio Engineers which was formed over three years ago 
for the purpose of creating sufficient interest, in Atlanta and 
its vicinity, in radio engineering meetings to enable it to 
function as a Section of the Institute. 

Major Walter Van Nostrand is the Chairman of the 
Section Organizing Committee. 

The Publicity Committee of the Section has been ap- 
pointed and is composed of the following members: Lamb- 
din Kay, Henry L. Reid and Will Smith. 


BUFFALO TEMPORARY ORGANIZATION 


A petition for the formation of a Buffalo Section of the 
Institute has been received at Institute Headquarters. 

The officers of the temporary organization are as fol- 
lows: L. C. F. Horle, Chairman; Dr. L. G. Hector, Vice- 
Chairman; C. J. Porter, Secretary-Treasurer. Two tem- 
porary Committees have been appointed as follows: J. Eich- | 
man, Chairman, Membership Committee; I. R. Lounsberry, 
Chairman, Meetings and Papers Committee. 

A meeting was held on June 6th at which time a talk was 
delivered by Dr. L. С. Hector on "Radio Transmission 
Phenomena." 

The attendance at this meeting was fifty. 
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CHICAGO SECTION 


A meeting of the Chicago Section was held in the rooms 
of the Western Society of Engineers on May 31, 1927. 

Professor G. M. Wilcox was the presiding officer. A 
paper was presented by C. W. Horn, of the Westinghouse 
Electric and Manufacturing Company on the subject of 
“The Synchronizing of Radio Stations.” 


CLEVELAND SECTION 


On May 27, 1927 a meeting of the Cleveland Section was 
held in the Case School of Applied Science. 

John R. Martin presided. W. C. Blackburn presented a 
paper on “High Quality Reproduction” with which were 
included demonstrations. 

The attendance at this meeting was fifty-one. 


CONNECTICUT VALLEY SECTION 


A meeting of the Connecticut Valley Section was held 
on June 10, 1927 in the Scott Laboratory of Physics, Wes- 
leyan University, Middletown, Connecticut. Dr. W. G. Cady 
was the presiding officer. 

Dr. A. Hoyt Taylor of the Naval Research Laboratory 
presented a paper on “Some Peculiarities in High Fre- 
quency Transmission and Reception.” 

Messrs. Bourne, Cady, Laport, Warner, Lyford, Kruse 
and others participated in the discussion which followed. 

After adjournment the forty-one members attending the 
meeting inspected the Laboratory and the research work 
in progress. | 


DETROIT SECTION 


On April 15, 1927 the Detroit Section held a meeting in 
the Conference Room, Detroit News Building, 615 West 
Lafayette Street, Detroit. 

Thomas E. Clark presided. A paper by James E. Mc- 
Магу entitled “Some Experimental Radio Field Intensity 
Measurements and Observations” was read by Mr. McNary. 

Twenty-eight members and guests attended this meeting. 

The Detroit Section held a meeting on May 20, 1927 in 
the Conference Room of the Detroit News. 
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A talk by Otis H. Trowbridge on “Receiving Set De- 
sign" was given. The discussion was participated in by 
Messrs. Glatzel, Morse, Buchanan, Hoffman and others. 

The attendance was thirty-one. 

А meeting of the Detroit Section will be held in the 
Detroit News Building on June 24, 1927, at which time E. 
D. Glatzel will read а paper, *Some Experiences in Short 
Wave Transmission." 


Los ANGELES SECTION 


The Los Angeles Section held a meeting on May 106, 
1927 in the Los Angeles Elks Club. L. Taufenbach presided. 

Two papers were presented at this meeting. The first, 
by Mr. Hutson of the Radio Power Corporation of America, 
was entitled “A-B-C Power Devices, Their Design and 
Uses." This paper was discussed by Messrs. Wallace, Wat- 
ters and Chester. 

The second paper by W. W. Lindsay, Jr. was on "A 
Method of Maintaining Constant Radio Frequency Ampli- 
fication over the Broadcast Range." 

The attendance at this meeting was forty. 


PHILADELPHIA SECTION 


The Philadelphia Section held a meeting on May 26, 1927 
in the Bartol Laboratories, Philadelphia. J. C. Van Horn 
was the presiding officer. 

"^  W. J. Healy deliverey a talk on "Sensitive Measuring 
Instruments used in Radio." 
| The attendance at this meeting was thirty-five. 

The next meeting of the Philadelphia Section will be 
held on June 24, 1927 in the Franklin Institute, at which 
time C. Francis Jenkins will present a paper on, “Radio 
Vision.” 


WASHINGTON SECTION 


On May 12, 1927 a meeting of the Washington Section 
was held in Harvey’s Restaurant, 11th and Pennsylvania 
Avenue, N. W., Washington, D. C. Dr. A. Hoyt Taylor was 
the presiding officer. 

Commander S. C. Hooper, U. S. N., delivered a paper, 
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“The Mission and Scope of Naval Radio.” This paper was 
discussed by Admiral Bullard and others. 
· The attendance was forty at this meeting. 


Committee Work 


COMMITTEE ON SECTIONS 


A meeting of the Committee on Sections was held on 
May 27, 1927. The following attended this meeting: D. H. 
Gage, Chairman, M. Berger, E. R. Shute and J. M. Clayton. 

The Committee reports satisfactory progress on the pre- 
liminary draft of a booklet being prepared for the informa- 
tion of Institute members interested in Section formation. 

The Committee considered the application from the At- 
lanta, Georgia members for the formation of an Atlanta 
Section, and approved the petition submitted. 

It is planned to hold additional meetings of this Com- 
mittee throughout the summer. 


COMMITTEE ON MEMBERSHIP 


A meeting of the Committee on Membership was held 
on June 13, 1927. 

The Committee has outlined a very intensive plan where- 
by many desirable and eligible non-members of the Insti- 
tute who are not familiar with the Institute will receive 
information regarding it. 

Plans for circularization of a number of organizations 
are being laid with the view of securing desirable members. 


TECHNICAL COMMITTEE ON VACUUM TUBES, A. E. S. C. 


SECTIONAL COMMITTEE ON RADIO 


The Technical Committee on Vacuum Tubes had a meet- 
ing on May 4, 1927 at the Institute office. Those present 
were: A. M. Trogner (acting Chairman), A. F. Van Dyck, 
C. H. Sharp and A. V. Loughren. 

The Committee took action on a number of subjects 
which have been considered by correspondence in: recent 
months. 

The Committee adopted as standard for recommenda- 
tion to the Sectional Committee on Radio, the two UX bases 
widely used commercially for vacuum tubes, and also the 
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vacuum tube terminology as published in the 1926 Standard- 
ization Report of the Institute of Radio Engineers. 

There was a discussion of filament voltage tolerances 
but it was decided that further commercial standardization 
is necessary before action on this subject would be appro- 
priate. 

The Committee took cognizance of a proposal which has 
come from the International Electrotechnical Commission 
for standardization of tube bases. The Committee deter- 
mined to assemble data on the several types of tube bases 
used in the United States and to place this information at 
the disposal of Dr. J. H. Dellinger, who will be the United 
States representative on this subject at the meeting of the 
International Electrotechnical Committee in Italy in Sep- 
tember. 


PRELIMINARY REPORTS OF I. R. E. STANDARDIZATION 
SUB-COM MITTEES 


As mentioned in this portion of the PROCEEDINGS last 
month, copies of preliminary drafts of reports of three of 
the Sub-committees of the I. R. E. Standardization Com- 
mittee are available for distribution to all persons inter- 
ested in radio standardization. 

Copies of these drafts will be mailed upon application 
to Institute headquarters. 


TELEPHONE COMMUNICATION OVER POWER 
LINES BY HIGH FREQUENCY 
CURRENTS * 


C. A. BODDIE 


(Radio Engineering Department, Westinghouse Electric and 
Manufacturing Company. 


High frequency currents have been in use for telephone 
communication over high voltage power lines for four or 
five years. In this time a considerable amount of equipment 
has been installed and is now in operation. The primary 
object aimed at is to provide a reliable channel of communi- 
cation between the load dispatcher of a power system and 
the operators in charge of the various sub-stations under 
his control. | 

Before the development of this type of high frequency 
communication the only system available was the ordinary 
wire telephone. Power companies were accustomed to pro- 
vide themselves with communication facilities of their own 
design and construction, or they might lease circuits from 
the commercial telephone companies. Companies operating 
large city systems often found it convenient to lease their 
telephone circuits from the telephone company. Companies 
operating long transmission lines however, found that leas- 
ing circuits from the telephone company was less satisfac- 
tory as well as very costly. In many cases no telephone 
circuits were available between the points where communi- 
cation was desired so it became necessary for the power 
companies to build their own telephone lines. Communica- 
tion between the load dispatcher and his various sub-sta- 
tions must be prompt and sure. Much valuable time was 
lost in going through telephone company exchanges. For 
this reason privately owned lines were much more satisfac- 
tory, due to the promptness with which communication 
could be established. 

It was natural that in building its own telephone lines 
à power company should follow the same right of way as the 
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power line itself, or even to string the telephone wires on 
the same poles or towers as the power line. Privately owned 
telephone lines were therefore exposed directly to the induc- 
tion from the power line for long distances, and were thus 
likely to be noisy. This was especially the case when the 
telephone wires were strung on the same poles as the power 
line. 

Excepting for the noise, the privately owned lines 
usually worked out best. In case of disturbance on the power 
line such as failure of an insulator, telephone communica- 
tion was almost invariably interrupted due to blowing of 
fuses and a discharge over the lightning arresters. 'This 
usually occurred on leased lines as well as on the power com- 
panies own line. In case of sleet or wind storms the power 
" companies telephone line was often of stronger construction, 
and was likely to stay up as well or better than telephone 
companies line. Thus from the viewpoint of continuity of 
telephone service, leased lines had little to offer as compared 
with private lines and private lines had a marked advantage 
from an operating point of view. 

Reliable telephone communication is a matter of vital 
importance to a power company. Its wire telephone circuits 
being directly exposed to the power line are rather sensitive 
to disturbances in the power line. The problem of protection 
is also a rather serious matter when the telephone line is 
run on the same poles as the power line. This problem has 
been worked out by the power companies themselves with 
little or no assistance. 

With the rapid development of radio as a means of com- 
munication, it was natural that the large manufacturers of 
power apparatus who had also become deeply interested in 
radio, should turn their attention to the possibility of using 
radio apparatus and radio methods in an attempt to provide 
a better solution for the communication problem of power 
companies. This work was undertaken by the manufacturer 
of power apparatus in the belief that anything which assists 
the power companies more effectively or more efficiently to 
operate their apparatus, must be a benefit to the whole 
industry. 

The special advantage to be derived by the use of high 
frequency currents flowing in the power conductors is that 
the communication circuit is then as strong mechanically as 
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the power line itself. The general experience is that wind 
and sleet which will completely carry away a telephone line, 
does no great harm to a power line because of its sturdy 
mechanical construction. The elimination of noise arising 
from induction from currents in the power line was a second 
important consideration. The omission of the telephone 
conductors themselves together with their maintenance and 
the location of communication equipment at accessible 
points in power stations and substations, were additional ad- 
vantages to be gained by the use of high frequency currents. 

There are at present three manufacturers of high fre- 
quency power line telephone equipment. The equipment of 
each manufacturer differs rather sharply both in fundamen- 
tal principles of design and in many minor features from 
the equipment of the other manufacturers. These striking 
differences are largely the result of a difference in view- 
point and experience of the engineers making the designs. 
In addition to a difference in the engineering viewpoint 
there is also a difference in the theoretical conception, and 
the analysis of some of the factors entering the problem. 

The major outstanding differences in the several designs 
are: 

1. Power level i. e. the amount of high frequency energy 
which should be provided for a given communication. 


2. Number of frequencies used per channel. 

3. Method of obtaining duplex in two frequency systems 
і. e. filters vs. balancing by means of potentials derived 
from transmitter. 

4. Method of calling i. e. interrupted continuous wave 
(cw), or modulated cw. 

9. Type of selector i. e. automatic telephone versus train 
dispatching selector and code key. 

6. Protective equipment. 

17. Method of coupling to power line i. e. by condenser or 
antenna. 


POWER LEVEL 


| Perhaps the first апа most striking difference in the de- 
signs of the several manufacturers is that due to a difference 
in power level. Two manufacturers have developed equip- 
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ment which might be called low power equipment, while one 
manufacturer provides a transmitter developing so much 
greater power that it might be called high power by con- 
trast. The low powered equipment provides a transmitting 
energy of the order of 1 watt, whereas the high powered 
equipment provides 250 watts. This great difference in 
power is due directly to the different estimate the various 
designers place on the value of telephone communication to 
а power company. The greater the amount of power pro- 
vided, the greater the margin over the minimum necessary 
for successful operation. That is, the more power provided 
for a given communication the greater the factor of safety. 

The low powered set is more in line with previous prac- 
tice in telephone communication over wires. It is also in 
accord with wire telephone practice which assumes that 
another circuit is always available in the case of failure of 
the one under consideration, and that therefore large mar- 
gins of operating energy are unnecessary. In this case the 
failure of a circuit means merely switching to another cir- 
cuit. In this respect a pawer line telephone is not compar- 
able with the usual wire line telephone, since the failure of 
the circuit in question means total interruption of communi- 
cation and this communication is vastly more important 
than that usually going forward on ordinary commercial 
telephone lines. 

In addition to the much greater importance of load dis- 
patching telephone communication, there are other very 
strong reasons for using considerable power when the com- 
munication circuit is the power line itself. The circuit of- 
fered by a power line differs from an ordinary telephone 
circuit in that it consists not merely in two simple wires 
connecting the transmitter and receiver, but contains at 
least three wires and very often six wires. On this circuit 
is connected a great variety of apparatus. The circuits 
branch repeatedly and these branches often are tied back 
into the main circuit forming loops so that the whole be- 
comes a network, rather than simply a line. The transmis- 
sion properties of this network are not constant, but change 
sometimes seriously every time a switch is thrown on the 
high tension system. It is almost impossible to foretell just 
what will happen when any given switch is opened or closed. 
In order to provide for these uncertainties, provision must 
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be made for an ample supply of communication energy. 

Perhaps the most serious difference between a simple 
telephone line and a communication circuit formed by a 
power line is that the high voltage gives rise to line noises. 
All lines are noisy more or less. The magnitude of these line 
noises vary greatly as between lines. It also varies widely 
from day to day and from hour to hour. The origin of these 
line noises seems to be in what are called “spitting insula- 
tors". This is a slight static discharge often invisible, occur- 
ring between parts of the hardware and the insulator sur- 
faces, or between sections of the insulator itself. This dis- 
charge releases the stored energy in the parts involved and 
constitutes a miniature radio transmitter, which sends a 
shock disturbance or wave down the line. In character it 
manifests all the properties of ordinary radio static. The 
only answer to the noise problem is to increase the com- 
munication energy level to such a value that the noise is 
relatively small in comparison. No amount of amplification 
at the received end can correct for lack of communication 
energy. 

There has been an attempt to meet the varying condi- 
tions of noise and attenuation by providing the transmitter 
with two sets of tubes, one for low power operation and 
one for high power operation. As an answer to the line 
noise problem this is not. satisfactory, since with such a 
system the receiving equipment is always adjusted to a 
rather high state of sensitivity in order to operate on low 
power. In case the noise level of the line rises to such a 
point as to make the use of the high power necessary, the 
detector is already blocked with noise and when the high 
power is applied the detector is abused still further. The 
result is that when the noise level rises to a point which puts 
the low powered channel out of business the distortion is 
so great that communication is almost impossible. 

From the engineering viewpoint it is clear that it would 
be unwise to hazard the operation of so important a func- 
tion as load dispatching telephone communication by the 
use of low power in an effort to economize. The appara- 
tus discussed in this paper is of the high powered type. In 
its design it was assumed that the service for which it was 
intended was of vital importance. It was intended that the 
reliability and continuity of service should be of the same 
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high order as the factor of continuity of the power line it- 
self. In the selection of circuits and the design of the parts 
the same ample margins are provided over and above the 
bare operating requirements as are provided in the matter 
of power. No circuit elements are employed about whose 
stability and certainty there can be any doubt. 


NUMBER OF FREQUENCIES PER CHANNEL 


The equipment now available for communication over 
power lines may be divided into two classes: 

1. The system providing two frequencies for each chan- 
. nel. 

2. The system providing only one frequency per channel. 

The two frequency system is the pioneer and still repre- 
sents the safest and best method of providing duplex com- 
munication. In this system each station is assigned two 
frequencies, one frequency for the transmitter and one fre- 
quency for the receiver. The selection of two entirely dif- 
ferent frequencies for transmission and reception renders 
these two functions entirely independent. When properly 
worked out they are just as separate as if separate wires 
were provided for each function. With this system the 
functions of transmission and reception can go forward 
simultaneously just as in ordinary conversation. The sys- 
tem is very flexible and very stable. It may be modified to 
do many things which the original design did not contem- 
plate owing to its inherent stability. For example, it may 
be used as a repeater owing to the fact that the functions of 
transmission and reception may go forward simultaneously 
and not alternately. 

The single frequency system has been developed along 
the lines of space radio communication where the transmit- 
ter and receiver are tuned to the same frequency, but are 
alternately connected to the antenna. With this system 
communication is normally possible in only one direction at 
a time, it being necessary for each of the parties to throw 
over in order to reverse the direction of transmission. The 
first single frequency system was of this throw over type 
and was manually operated. The superiority of the two 
frequency duplex system soon drove out the manually oper- 
ated single frequency simplex system. One company still 


Boddie: Telephone Communication Over Power Lines 565 


manufactures single frequency simplex equipment, but this 
manual throw-over has been modified so that it is now 
automatic. In this system the receivers are normally con- 
nected to the antenna in a condition to receive and the trans- 
mitters are inactive. A voice operated relay is used to un- 
lock the transmitter and allow it to oscillate and at the same 
time block the receiver, thus accomplishing automatically 
the throw-over which was formeerly manual. The system is 
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not really duplex, but is automatic simplex. The functions 
of transmission and reception go forward alternately and 
not simultaneously as is essential in true duplex. It is not 
so flexible as the two frequency system nor so stable. It 
cannot be used as a repeater without complete duplication 
of equipment, owing to the fact that the functions of trans- 
mission and reception take place alternately, whereas a 
repeater requires them to go forward simultaneously. Such 
a system is much more susceptible to noise picked up on a 
line extension. If the noise level is appreciable it will ser- 
iously interfere with the operation of the equipment. 

It is believed that the two frequency duplex system will 
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be finally adopted owing to its superior stability and flexi- 
bility. 


GENERAL DESCRIPTION OF HIGH POWERED SET 


A view of the transmitter of the high powered equip- 
ment is shown in Fig. 1. It is built around a 250-watt tube 
as the fundamental element. The tubes used have plain 
tungsten filaments and were selected because of their stur- 
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diness and great reliability. The transmitter has two 
power tubes, one used as an oscillator or power amplifier 
and one used as a modulator. А 50-watt tube is used as a 
speech amplifier to control the grid of the 250-watt modula- 
tor. The speech amplifier is seen at the right of Fig. 1. The 
power supply is obtained directly from the 110-volt, 60-cycle 
System or from a motor generator converting from d-c. 
to a-c. if the 60-cycle supply is interrupted. This voltage is 
Stepped up by means of a transformer and rectified in the 
usual manner to provide 2000 volt d-c. plate supply for the 
transmitter. The rectifier is seen at the left of Fig. 1. The 
general nature of the circuits used is shown schematically 
in Fig. 2. These circuits are those commonly used and need 
no further description. In order to reduce the number of 
wires on the diagram, the customary method of showing a 
separate battery and ground for each relay is employed. 
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A general view of the receiver used is shown in Figs. 3 
and 4. The circuits employed are shown in Fig. 5. The 
apparatus is grouped and mounted on separate panels. The 
top panel Fig. 3 contains all the radio circuits. The second 
panel contains all vacuum tubes, transformers and accessor- 
ies which have to do with detection and amplification. The 
third panel carries the plate rectifier for supplying plate 
voltage to the amplifier tubes. It also carries a group of B 
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batteries which float on the plate supply rectifier for the 
fu Pose of stabilizing the voltage. This B battery does not 
ЗЬ plate current except in emergencies when the power 
i !Dbly is off or the voltage low. The lower panel carries 
Control relays and provides an ample terminal board. 
he system is entirely automatic. It is controlled by a 
dard form of automatic telephone desk stand. When 
m receiver is lifted from the hook, current is drawn from 
1 18 volt control battery shown in Fig. 2 over the micro- 
Опе wires 1 and 2. This current is drawn through relay 
Which picks up and energizes relay 10, which in turn closes 
© Starting contactor 11, and applies 110 volts, 60 cycles to 
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the transmitter. The tubes light and the plate rectifier sup- 
plies the necessary 2000 volt d-c. potential to the transmit- 
ter. The output of the transmitter is fed into the power line 
by means of coupling wires or antenna associated with the 
power line. 

Calling is accomplished by interrupting the flow of high 
frequency current by means of the calling dial on the desk 
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stand. When the calling dial is operated, the microphone 
circuit is momentarily interrupted, which causes relay 9 to 
drop out at each interruption. A circuit is formed through 
a back contact on one of the armatures of relay 9 and a 
front contact on relay 10 to energize relay 12. This relay 
opens the grid circuit of the oscillator and thus stops the 
flow of high frequency current in the power line. Thus at 
each interruption of the microphone circuit by the calling 
dial there is a corresponding interruption of the flow of 
high frequency current into the power line. The number of 
these interruptions is controlled by the number on the call- 
ing dial. 
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HETERODYNE SYSTEM OF CALLING 


The circuits of the receiver are of the simple coupled 
circuit type. The tubes are kept lighted at all times and the 
detector is in a state of continuous oscillation at all times 
except during talking. When a signal is received a beat note 
is produced by the oscillating detector in the usual manner. 
The amplified beat note is fed into a pair of tubes in parallel 
indicated at 15, Fig. 5. These tubes are provided with grid 
leak and condenser and act as detectors. The plate current 
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of these tubes is drawn through a polarized relay 16 which 
is normally energized. The incoming signal reduces the 
plate current and allows the relay armature to drop out and 
close the contacts. Two tubes are used in order to insure 
ample power to actuate the relay contacts. The heterodyne 
System was adopted because of its well known superiority 
over all other methods of reception. It has demonstrated its 
value in the service of power line communication. With this 
system it is vossible to call through disturbances and line 
conditions which it is impossible to talk through. This is 
just the reverse of the situation when the earlier system 
using modulated impulses was used. It has a singular abil- 
ity to work through line disturbances which would put other 
methods previously used out of business. 
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SELECTOR 


The selector used is one of the simple types used in auto- 
matic telephony. It consists of a motor magnet shown in 
Fig. 6, which by means of a ratchet and pawl drives an arm 
over a bank of contacts. At each impulse of the calling dial 
the motor magnet is advanced one step. By means of a 
combination of fast and slow relays a circuit is closed at 
the final pause in the dialing operation, which rings a bell in 
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case the number dialed corresponds to the number of the 
station called. 

When the party called answers, by lifting the receiver, 
a relay in the receiver is energized which stops the oscil- 
lating detector. Another relay transfers the output of the 
amplifier from the relay tubes to the desk telephone receiver. 
The two parties are now in two way communication just as 
in the case of an ordinary wire telephone line. 


MODERATE POWERED SET 


There are many applications for communication over 
power lines where the voltage is low and the distance is 
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short. For this class of service a moderate powered set has 
been developed as shown in Fig. 7. It is entirely self-con- 
tained, the one unit carrying the complete transmitter, re- 
ceiver and selective equipment. The circuits are substan- 
tially the same as on the large set. The transmitter consists 
of five tubes, two of which are power amplifiers and two 
modulators, one being used as a master oscillator. A new 
type coated filament tube is used which gives the set a rat- 


Fig. 7. 


ing of 30 watts. This little set is much more powerful than 
the low powered sets now in use. The receiver consists of 
three tubes, one-step radio, a detector, and one step of audio 
amplification. 


PROTECTIVE APPARATUS 


The protective apparatus required for this class of ser- 
vice requires special consideration. The equipment used is 
shown in Fig. 8. It comprises a drain coil, two spark gaps, 
a high voltage fuse and a protective condenser. The ele- 
ments are connected as shown in the diagram. It is not in- 
tended to attempt to open the circuit in case of contact be- 
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tween the antenna and a power conductor. The rush of cur- 
rent in this case is so great that nothing less than large 
station oil circuit breakers could be expected to open the 
circuit. The intention here is to divert the current rush to 
ground and clear the apparatus from the main circuit. The 
spark gaps are of very sturdy construction, having suffi- 
cient metal to prevent their being volatilized during the 
time the station circuit breaker is opening. The gap nearest 
to the apparatus is set somewhat closer than the one con- 
nected directly to the antenna. The drain coil which is of 
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relatively fine wire may volatilize and clear itself. If this 
occurs the main current rush goes through the fuse and the 
second spark gap. In the act of trying to clear, the fuse will 
raise the potential sufficiently to flash over the first spark 
gap, which then takes the discharge and allows the fuse to 
clear. This was the first adequate protective system de- 
veloped for this kind of service. It has demonstrated its 
efficiency in the several instances where it has been called 
upon to act. 


METHOD OF COUPLING TO POWER LINE 


The method of coupling to the power line which should 
be adopted is one over which there is considerable difference 
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of opinion. Two methods of coupling the communication 
equipment to the power line are now in use. 

The first method is to run antenna or coupling wires 
parallel to the power line and to use these wires to induce 
currents in the line, and to receiver currents from the line. 
This method is commonly called antenna coupling. 


Fig. 9. 


The second method is to connect the communication 
equipment to the proper conductors of the power line by 
suitable high voltage condensers. This method is called con- 
denser coupling. 

It is said and quite generally believed that ‘‘condenser 
coupling is much more efficient than antenna coupling”. This 
statement seems so self-evident that it is generally accepted 
without question. The basis of the claim is found in the fact, 
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that, of the total electric field emanating from an antenna 
wire, only a small part is intercepted by an intervening 
power conductor. This means only a small part of the an- 
tenna current flows in the power conductor, and it is taken 
to indicate that the antenna is inefficient. The measure of 
its inefficiency is thought to be represented by the ratio of 
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the induced current in the power conductor to the inducing 
current in the antenna. 


EARLY CONDENSER INSTALLATION 


If this view were correct, there would be a very great 
advantage in directly coupling the transmitter to the power 
conductor by condensers. Acting on this supposition, a set 
of condensers was built and installed on the lines of the 
Duquesne Light Company at Brunots Island where they still 
exist. These condensers are believed to be the first coupling 
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condensers to be connected to a high voltage line in this 
country. Figs. 9 and 10 give a view of this original con- 
denser installation. Two condensers were used, each con- 
sisting of a 132,000 volt condenser type bushing supported 
in a tank filled with oil. This condenser bushing is a stan- 
dard bushing used in high voltage transformers and 
switches. It consists of layers of micarta insulation between 
which are interposed sheets of tin foil. The micarta paper 
and tin foil are wound on a central brass tube layer on layer. 
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The length of the layers of tin foil is reduced progressively 
as the diameter increases so that the capacity between layers 
is a constant, the object of the design being to provide a 
uniform voltage stress on all parts of the insulating mater- 
lal. The capacity of such a bushing is .0008 дї. 


RESULTS OF TESTS 


After these condensers were connected to the line, tests 
were made and compared with the results obtained using 
antenna coupling. It was found that the signal received 
at the distant end of the line was not appreciably different 
from that obtained when using antennae. This was some- 
thing of a surprise but the reason was soon discovered. The 
fact is that antenna coupling is not “inefficient” as had been 
previously supposed. 

The fact that such a large part of the total electric field 
from an antenna goes to ground, or to the other antenna 
wire, does not in itself mean loss, in the sense that there is a 
loss of energy. The true nature of the relation between con- 
denser coupling and antenna coupling can be obtained 
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readily by reference to Fig. 11-а, where a non-inductive re- 
sistance is connected to terminals 3, 4 the energy being 
supplied from a generator at terminals 1, 2. The current 


through the resistance is determined by ohms law L—5. 


Th» energy dissipated in the resistance is a The generator 


current under these conditions is /, as determined above. 
If now we connect across the terminals 3, 4 a condenser and 
still maintain the same potential E, the same current will 
flow through the resistance and the energy dissipation will 


be 2 аз before. The current flowing through the condenser 


will be СЕ. The total current carried by the generator 


is the resultant of these two currents or I = y I,’ + I,’. The 
generator current is now much larger, but the power factor 
is correspondingly reduced so that the energy supplied is 
just the same as before. It is obvious in this case that from 
the mere fact that the entire generator current does not flow 
through the work circuit, it does not follow that there is a 
loss in efficiency. 

The above hypothetical case represents exactly the con- 
ditions existing when a high frequency transmitter is 
coupled to a power line by antennae. The useful current 
delivered to the power line flows against a considerable re- 
sistance. If the line is very long this resistance is the char- 
acteristic resistance of the line. It amounts to some 800 or 
900 ohms for a typical power line at 50,000 cycles as meas- 
ured between wires or approximately half this value be- 
tween one wire and ground. If the transmitter is coupled 
to the line by condensers the entire output is fed directly 
into the line characteristic resistance. This resistance being 
high, the current flowing into the line is small. If an 
antenna is used to couple the transmitter to the line charac- 
teristic resistance, there exists a considerable capacity 
shunted across the work circuit, exactly as indicated in Fig. 
11-b. If we consider the case of coupling “phase to ground", 
the capacity of this shunting condenser is the capacity of the 
antenna wire to ground minus the capacity from antenna to 
power conductor. 

The current going into the power line with antenna 
coupling is precisely the same as with condenser coupling, 
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if we assume the same amount of energy to be delivered by 
the transmitter. 

The difference between antenna coupling and condenser 
coupling lies in the existence of a relatively large shunting 
condenser in the case of antenna coupling and the practical 
elimination of this shunt capacity in the case of condenser 
coupling. Both methods provide the same interwire coup- 
ling capacity. This shunting capacity does no particular 
harm since the dielectric is air and therefore the losses are 
negligible. 


COUPLING VIEWED FROM LAW OF CONSERVATION OF ENERGY 


The above conclusion may also be arrived at more gener- 
ally from the view point of the law of conservation of 
energy. If we assume the shunting condenser “С” Fig. 2 has 
no resistance, it follows immediately that the entire output 
of the generator must appear in the load resistance 3, 4, Fig. 
2, since there is no other place for the energy delivered by 
the generator to go. 

Applying this to the case of the antenna it assumes that 
the antenna wires themselves have no resistance, and that 
there is no other loss such as radiation or dielectric absorp- 
tion in which energy might be dissipated. These two 
assumptions are not strictly accurate since the antenna 
wires do have some resistance and there is some radiation, 
but under the conditions obtaining in practice, these values 
are so small as not to effect seriously the result. 


GENERAL ANALYSIS OF ANTENNA COUPLING 


While the elementary analysis on the basis of conserva- 
tion of energy is quite sufficient to dispose of the prevalent 
belief in the inefficiency of antenna as a means of coupling 
to a power line, the idea is so widespread that it is felt that 
a more detailed analysis of the mechanism of antenna 
coupling might be helpful. The mechanism of the electric 
field and its fundamental theorems have been pretty well 
established since the days of Faraday and Maxwell. In the 
development of various phases of the electrical industry 
practical problems are continually presenting themselves, 
which require a correct understanding of fundamental rela- 
tions. The phenomena or mechanism of antenna coupling 
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to a power line is one of these. In order to show just how 
the theorems on the electric field apply to the problem of 
antenna coupling, it may be desirable to plot the electric 
field in terms of lines of force and equi-potential surfaces 
and point out the reasoning on which this is based. | 


ELEMENTARY PRINCIPLES 


In order that the discussion be complete it is necessary 
to reproduce the equation determining the potential of the 
point in space due to a charged wire. The electric strains 
in free space emanating from a charged sphere act in radial 
lines. The force at any point is measured by the mechanical 
pull on a unit charge. A unit charge is defined as being 
such that it will repel an equal charge with a force of one 
dyne if the distance between the charges is one centimeter. 
The force at any point is calculated by 

5 а) 

The quantity of electric flux emanating from a charged 
body is measured in lines or rather in tubes of force. This 
flux is measured by the mathematical quantity obtained by 
multiplying the component of electric force resolved perpen- 
dicular to the surface by the area over which the force acts. 
If the force varies from point to point over a surface, this 
flux is calculated by integrating the normal component of 
force over the area. This quantity is called “normal induc- 
tion” and is expressed 


ъ= | Nas (2) 


where № is the component of force normal to the element of 
area ds. 

The quantity of flux passing through the surface of an 
imaginary sphere having a charge Q at its center is obtained 
by multiplying the actual force at the surface of the sphere 
by the area of the sphere, since the force in this case is 
everywhere normal to the surface thus 


ф= f NdS= CA У 01242 0 (3) 


It is to be noted that the quantity of flux is dependent only 
on the value of the charge within the sphere and is indepen- 
dent of its radius. It is also true that the quantity of flux 
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passing through the sphere is exactly the same whether the 
charge Q is located at its center or at any other point within 
its interior. 

This theorem is not limited to a sphere but is quite gen- 
eral in that the flux passing through any closed surface, 
regardless of its size or shape is 4 Q. This may be demon- 
strated by reference to Fig. 12. Let A, B, C represent any 


Fig. 12.—Flux through a closed surface 4 г Ч. 


closed surface in which is located a charge Q at some point 
0. Consider any small element of the surface dS. The force 


acting at the surface dS is F—9. In order to calculate the 


normal induction through dS, we must resolve the force 
perpendicular to the surface dS. If the surface makes an 
angle à with a plane perpendicular to the radius, the value 
of normal induction for the area dS is 


М dS—F cos 6 dS= S. cos 0 dS (4) 


Consider the cone whose vertex is O and base dS. Let the 
area subtended at the surface of a unit sphere at O be dw. 
The area subtended at the surface of a sphere of radius 
ris dw.r. This area is equal to the projection of dS along 
the radius r, that is 


dS —4dS cos 6'—dw.r | (5) 
= Substituting this in the above equation we get 
, О "NUT 
NdS= = X dw.r=dw.Q (6) 


It is to be observed that the flux passing through the sur- 
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face dS is independent of the distance of the charge or the 
inclination of the surface to the radius. The total flux pass- 
ing through the surface is found by integration. 


o— f NdS=Q dw=47Q (7) 


the integral of dw being 4r since this is the area of a unit 
sphere. The normal induction over a surface of any shape 
due to a charge Q at any point within the surface is 47Q. 


FIELD AROUND A WIRE 


These principles may now be used to calculate the field 
distribution around a wire in space. Referring to Fig. 13 
let A, B represent a wire of diameter d. Describe a cylin- 


Fig. 13.—Force at any point = 


drical surface around the wire of radius r. Let EF and GH 
be two planes perpendicular to the wire and one centimeter 
apart. Let Q be the charge per unit length on the wire. If F 
is the force at the surface of the cylinder, the normal induc- 
tion over the cylindrical surface bounded by the plane is 


= | NdS—F (27r) (8) 


Now from the foregoing theorem the total induction over 
any surface having in its interior a charge Q is 470. Since 
by symmetry there is no force parallel to the conductor the 
entire flux must pass out radially through the cylindrical 
surface and must therefore be equal to the value calculated 
above. Hence we may write 

F (2rr)J=47Q. (9) 


r_*8 which gives the force at any distance r. 


Electric potential is defined in terms of work. The po- 
tential difference between two points is the work required 
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to carry unit charge from one point to the other. If we con- 
sider a unit charge at a distance r from the center of the 
conductor to be moved radially outward through a small 
distance dr, the work done is F dr. This work is a measure 
of the change in potential in moving through the distance 
dr. The potential will fall as we move away from the con- 
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Fig. 14.—Equipotential surface. 


ductor, hence the increment in potential is negative and we 
may write 


—dE—Fdr=2Q . T (11) 


integrating this we get 
—Е=2© log r+C (12) 


where C is the constant of integration and is to be deter- 
mined by conditions. 


FIELD BETWEEN Two OPPOSITELY CHARGED WIRES 


We may now apply this equation to the determination 
of the field between two wires. Referring to Fig. 14 let P 
be any point at distances r, and r, from two cylindrical con- 
ductors of diameter d and distance D, having charges +Q 
and —Q respectively. The potential at the point P is the 
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resultant of the charges on the two wires. The potential 
due to the positive charge is 


—(2Q log r,-- C) (13) 
The potential due to the charge on the negative wire is 
--(2Q log т, С) (14) 


The resultant potential is the algebraic sum of these which 
gives 
E,—2Q(log r,—log r,) . (15) 


—2Q 1092 
1 


This equation enables us to calculate the potential at any 
point P in space provided we know the charge Q per unit 
length of conductor. It is one of the most important equa- 
tions having to do with the electric field, due to charges on 


wires. The factor 2 log sis known from the physical 


dimensions of the system. This factor is called a potential 
coefficient since when multiplied by the charge Q it gives 
the potential of P. The value of Q in any given case is to be 
determined by the conditions of the problem. 

If the potential between the wires is known, we can de- 
termine the value of Q in equation 15 by moving the point P 
toward the wire E until it coincides. It will then have the 
same potential as the wire and equation 15 becomes 


D 
E—20Q lo — 
Q log 4 (16) 
or 
E 
Q— ———— 
2 loy Se. qm 
d 
Substituting this value of Q in equation 15 we get 
E log — 
b= =) (18) 
tog -77 


This is a most important practical working equation since 
it enables us to calculate the potential of any point in space 
whose distance 7, and r, from the charged conductors are 
known. 
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CAPACITY OF A WIRE TO GROUND 


The capacity of a body or a system is measured by the 
charge required to raise its potential from zero to unity 
when all other neighboring bodies are grounded. Equation 
17 gives the capacity of a cylindrical conductor with respect 
to the ground plane since 

бе NE 


Л 2 log. ©”. (19) 
This gives the capacity in electrostatic units. 


When converted into electromagnetic units it becomes 


2D "^ i (20) 


EQUIPOTENTIAL SURFACES 


It should be noted that the potential (equation 18) is 
dependent upon the ratio of the distances and not upon 
their actual magnitude. Thus if a series of points be so 


located that the ratio of the distances 22. із constant these 
1 


points will all be at the same potential. Such a series of 
points determine an equipotential surface. 

If a curve is drawn so that the ratioof the distances from 
any point P Fig. 14 to two fixed points E and F is a constant 


K— 2 then the curve is a circle. The radius of the circle 
1 


. K D 
is R= EC 


a distance X'— 


and its center lies on the line E, F produced at 


above one of the fixed points E. Such 


D 
K'—1 
а circle is a section of an equipotential surface whose poten- 
tial is defined by equation 18. A system of such circles 
representing sections of equipotential surfaces may be 
drawn for uniform increments of potential and is useful in 
mapping out the field. 

Fig. 15 represents the equipotential surfaces due to two 
conductors E, F one inch in diameter and 100 feet from 
conductor to the neutral surface M N. The curves are drawn 
at intervals of 5%. The potential between the conductor 
and the neutral plane is taken as unity. For example, a 
point 21 feet above the neutral plane M N on the line O E 
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has a potential equal to 5% of the potential between the 
neutral plane and the conductor E. A point 10 feet below E 
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Fig. 15—Electric field due to a wire 1 inch diameter and 106 feet 
above ground plane. 


has a potential 85% of the conductor potential. The poten- 
tial gradient is greatest nearer the wire, 65% of the total 
drop occurring in the first 10 feet while the remaining 35% 


Boddie: Telephone Communication Over Power Lines 585 


is spread out over a distance of 90 feet. Notwithstanding 
this fact, points at a distance of 20 to 30 feet from the con- 
ductor still have a very considerable potential. For example, 
a point 22 feet below the conductor E has a potential of 
25% of the conductor potential and a point 44 feet below 
has a potential of 15%. As the potentials get lower the cen- 
ters of the circles are higher and the radius gets larger until 
at zero potential the circle has an infinite radius and its cen- 
ter is at an infinite distance above E thus giving the straight 
line M N. The closer we approach to the charged conductor 
the higher the potential of the circle and the more nearly its 
center coincides with the center of the conductor. 

The values given on the equipotential circles in Fig. 15 
apply not only to а conductor 100 feet above the neutral 
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Fig. 16.—Line of Force. . 


plane and 1 inch in diameter but apply to any conductors so 
long as the ratio between the conductor diameter and the 
distance between conductors is constant. For example, the 
diagram would apply directly to the case of a conductor 14 
inch in diameter and 50 feet above the neutral plane, or to 
а conductor 14 inch in diameter and 25 feet above the neu- 
tral plane, or to a conductor 14 inch in diameter and 25 feet 
above the neutral plane. The distances are then not mea- 
sured in feet but on the basis O-E = 100 and read in % of 
OE. The scale of the diagram is such that it will apply well 
to conductors and spacings of power lines. 


LINES OF FORCE 


The lines of force may also be plotted on the diagram. 
The method of accomplishing this may be developed by ref- 
erence to Fig. 16, where E and F represent the two opposite 
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charged wires. Considering each conductor by itself, the 
electric flux will pass out into space radially and uniformly 
in all directions and the quantity of flux passing through 
any given area is proportional to the angle subtended at the 
center of the wire. For example, the flux issuing from con- 
ductor E and passing through the plane G, H seen on edge 
is proportional to the angle 0 subtended at E by the line С, 
Н. Similarly the flux passing through G, Н due to the con- 
ductor F is proportional to the angle 6 subtended at F by 
the line G, H. The total normal induction, that is the total 
flux, passing through G, Н is the arithmetic sum of that due 
to each conductor individually since they are on opposite 
sides of the plane G, H and the charges are of opposite 
sign making the effects additive. The flux passing from E 
through the angle 0 is that part of the flux Q which the 
angle 0 is of the circumference 27. That is, the flux passing 


through G, H issuing from E is £ Q and the flux issuing 


from F is ae The total flux crossing the line С, Н is 
ЖЕ: | ; 
2z Q. Thus the flux passing between the point H and the 


line joining the centers of conductors E, F depends only 
upon the sum of angles 0 and 4. A curve described by the 
point H, such that the sum of the angles remains constant 
will enclose a constant amount of flux. The curve so de- 
scribed will be at every point tangent to the resultantelectric 
force and is called a line of force. Every such line of force, 
between two parallel wires, is the arc of a circle since it is 
a property of a circle that the angle subtended by а chord 
at any point on the arc is constant. The line E, F is a chord 
and the point H is a point on the arc drawn through these 
three points, E, H, F. The circular arc E, H, F is a line of 
force passing through H and encloses the total and constant 
0 + 
2T Q. 

Referring now to Fig. 15 the lines of force are laid out 
so as to enclose definite quantities of electric flux. Radial 
lines are drawn from the point # until they intercept the 
line MN. A circle is then drawn through the point of inter- 
section H and the two points E, F. 


quantity of flux 
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The percentages marked on the flux curves are the per- 
centages included between the flux curve and the vertical 


E, F. The value on each curve is a since the flux inter- 


cepted by the line O, H is > Q. 


The lines of force and equipotential surfaces are every- 
where at right angles. 


NEUTRAL PLANE REPLACED BY GROUND PLANE 


If we assume the neutral plane M N to be replaced by a 
conductor and that this conductor is maintained at zero po- 
tential the electric field will be everywhere undisturbed. 
The field above the line M N may therefore be taken to rep- 
resent the field of a conductor E above the ground plane by 
the height Е, О. The conductor F below the ground plane is 
called the image of E and is useful mainly in deriving the 
field distribution above the ground plane. 


APPLICATION OF PRINCIPLES TO ANTENNA COUPLING | 


We may now apply these principles to the problem of 
antenna coupling. Referring to Fig. 17 let E be the antenna 
wire and let P represent a power conductor on an equipo- 
tential surface E'. If the conductor P is insulated and is of 
small dimensions relative to the height its presence will not 
disturb the electric field. 

If the conductor P is connected to ground, a charge Q' 
will flow from ground up into the conductor just sufficient 
to lower the potential of the conductor P to zero. This quan- 
tity of electricity is exactly the same as that necessary to 
raise the potential of the conductor P to the potential E' 
Hence 

| ФСЕ (21) 
Where C’ is the capacity of the conductor Р to ground. The 
reaction of the charge Q’ on the charge Q is here neglected 
for simplicity since its effect is small. 

So far we have been considering the question of field 
distribution in the steady state, that is, we have assumed 
the potentials and charges to be constant. If we now assume 
an alternating potential to be applied to the antenna wire, 
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the charges and field distribution at any instant may still be 
determined by the foregoing methods. 
If the potential E of the antenna wire varies according 
to a sine law, the instantaneous potential is 
e—E sin wt (22) 
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Fig. 17.—Charge induced on grounded power conductor Q’ —C’E’. 


= 
— 


> 


where o—2zf and E is the maximum value of e. The value 
of the induced charge q' at any instant is also a sine func- 
tion. 

q'—Q' sin ot. (23) 
The current passing through an ammeter in the ground 
wire at any instant is the rate of change of charge or 


i p —PQQ' cos ot (24) 
The maximum value of the induced current ?' is 
I'—oQ' (25) 
and since Q—CE' we have 
I—.C'E' (26) 


In the same way, the current flowing in the antenna wire 
is the rate of change of the charge hence 

I—CEl (27) 

The ratio of the induced current in {һе grounded power 
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conductor to the inducing current in the antenna is 

r __ «СЕ | E' (28) 
The capacity C' of the power conductor is in practice very 
nearly equal to the capacity of the antenna wire and hence 
cancels out in the above equation. 

Equation 28 gives a most important relation in the 
theory of antenna coupling. It states that the ratio of the 
current induced in the power conductor to the inducing 
current in the antenna is the same as the ratio of the poten- 
tial induced at the location of the power conductor to the 
inducing potential of the antenna. | 


, 


The potential ratio Е. 


dimensions of the system by equation 18. The induced сиг- 
rent may then be expressed as, 
Е' 


may be determined from the 


I'—I E (29) 
Tz 
I log T, 
2D (30) 
log 73- | 


INTERWIRE CAPACITY 


The capacity between two wires in free space may be 
obtained from equation 20 which gives the capacity from: 
one wire to the neutral plane. The mistake is commonly 
made in supposing that this equation will always give the 
correct capacity between two wires without regard to other 
conditions. It should be clearly recognized that this equation 
is limited specifically to the case where the two wires are in 
free space and have equal and opposite charges. Unless these 
conditions are fulfilled it does not apply. For instance it 
does not apply to the case of two wires above a ground plane 
when one wire is grounded. The field distribution in this 
case is totally different from that shown in Fig. 15 to which 
equation 20 applies. 

In general the capacity of a body is the charge on the 
body per unit potential. The capacity between two bodies 
in a system is measured by the charge or quantity of elec- 
tric flux leaving one body and terminating on the other, 
divided by their potential difference, all other bodies being 
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held at zero potential. In the case of an antenna wire and 
grounded power conductor the capacity is measured by the 
charge on the grounded power conductor divided by the po- 
tential of the antenna to ground. The induced charge on the 
power conductor is given by equation 21 as 
Q'—CE 
This means that a quantity of electric flux equal to Q' leaves 
the antenna wire and terminates on the grounded power 
conductor. The capacity between the antenna wire and the 
grounded power conductor is then measured by this quan- 
tity of flux or charge divided by the potential between the 
two wires, that is 
, | induced charge ,Q CE 
^. potential difference E Е 


which may be written 


(31) 


C"—C ( Е) (32) 
since С’ = C very nearly. That is, the capacity effective be- 
tween the antenna wire and a power conductor is equal to 
the capacity of the antenna to ground multiplied by the 
potential of the equipotential surface on which the power 
conductor is located measured in per cent. 

If the power conductor were not present, or if it were 
insulated from ground, the total electric flux emanating 
: from the antenna would all fall on the ground and the field 
distribution would be as shown in Fig. 15. When the power 
conductor is grounded, the total flux issuing from the an- 
tenna does not change much, but the distribution is changed 
considerably. The total antenna flux has then two paths to 
ground, опе by way of the power conductor and the other 
direct to ground. The part going to ground through the 
power conductor is merely diverted from its natural path. 
The part going direct to ground may be obtained by sub- 
tracting that through the power conductor from the total. 
We may obtain the effective antenna capacity to ground by 
subtracting the interwire capacity which is proportional 
to the interwire flux from the total antenna capacity which 


is proportional to the total antenna flux. 
C,—C—C" (33) 


0-0) 
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CALCULATION OF ANTENNA EFFICIENCY 


These relations may now be used to determine the effi- 
ciency of antenna coupling. As an example let us assume 
the simple case indicated in Fig. 17, where E represents the 
antenna wire, 50 feet above the ground plane, and P repre- 
sents the power conductor 10 feet below the antenna. 
Assume the diameter of both wires to be .5 inches. The po- 
tential of the point P with respect to the antenna potential 
may be calculated from equation 18, or it may be taken 
d^ from the equipotential lines in Fig. 6, the point 


being 2 — С. =20% below E or at a height of 80% on the dia- 


gram. d value of this potential is 26%. The capacity of 
the antenna with respect to the ground plane may be caicu- 
lated from equation 20. 


.0888 .0888 , 
C= —— — 5p ^ — ?x18x100 ~ 01055 uf. per mile 
log ES log REN эс 


If we assume the antenna to be 1500 feet long its capacity 
1500 

will be 01055 5,7, —.003 uf. 

The capacity between the antenna wire and the power 


conductor is C"=0 E- =.008 26% =.00078 yf. This is the 


useful or effective capacity of the coupling. The shunt capac- 
ity to ground, that is, the capacity representing no useful 
electric flux, is the total antenna capacity minus the useful 
coupling capacity or 

C,—C —C"—.003—.00078 —.00222 yf. 

The power line of which P represents one conductor may 
be regarded as a line of infinite length. In this case the 
impedance which it presents at the sending end is its charac- 
teristic impedance. At frequencies of the order of 50,000 
cycles which we are considering here the characteristic im- 
pedance is a practically pure resistance of approximately 400 
ohms. We may therefore cut the exposed power conductor 
free from the rest of the line and replace the effect of theline 
by 400 ohms of non-inductive resistance as shown in Fig. 18. 

The current flowing to ground through the 400 ohms 
terminating resistance is slightly less than the current flow- 
ing to ground when the power conductor is directly 
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grounded. For simplicity we will assume the current pass- 
ing through the 400 ohm resistance 15 determined by 
I'—I DINE x .26=.26 amps. per amp. in antenna. 
M (34) 
The error in the above assumption is not large enough to 
make any practical difference in our results. The current 
flowing through this 400 ohm resistance represents the 
useful current delivered to the power line. The energy de- 
livered to the power line is 
R’ I°=400X .26°—=27.08 watis (35) 
This is the useful energy delivered to the power line with 
one ampere in the antenna. This energy comes from the 
antenna and therefore the antenna input must contain an 
energy component equal to this, on the basis of the law of 
conservation of energy. The reaction of the power line on 
the antenna is then such as to introduce a resistance into 
the antenna circuit which when multiplied by the square of 
the antenna current, will equal the energy delivered to the 
power line. Thus 


RP—R'I 
r R —R' z— | 
ý (1 ) (36) 
In this case 
zo 


R=400 


This means that the Ба line under the conditions 
assumed, reacts into the antenna circuit like a resistance of 
27 ohms and represents useful energy. 


"—27.0 ohms 


ANTENNA TRANSFORMATION RADIO SAME AS FOR A 
STEP-UP TRANSFORMER 


This transformation of the resistance on the line side 
into its equivalent on the antenna side of the system 15 
exactly analogous to the usual method of converting a resis- 
tance on one side of a transformer to its equivalent on the 
other side by multiplying by the square of the ratio of trans- 
formation. If, instead of an antenna system, we had a trans- 
former with a step-up ratio arranged to deliver .26 amps. to 
a 400 ohm resistance on its secondary with one ampere in 
its primary, the equivalent primary resistance would be 


R = 400 X (ratio)? = 400 X ta y = 27 ohms 
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Hence the antenna acts exactly like a transformer having 


a step-up ratio of 16 9.85. 


It is interesting to note that the ratio of transformation 
of this electrostatic transformer is determined by the poten- 


tial ratio É of the power conductor with respect to the an- 


tenna. If we regard the system as a step-up transformer 
with the power line as a load on the secondary, the step-up 


ratio is the reciprocal of the potential ratio E that is, it is 
E E | 
E 
AETERNA TOTAL САРь ООЗ MF * 
INTER WIRE CAP z.00078 МР 
Zou }>— 1500 FT — 


ANTENNA 


EFFECTIVE SHUNT 
CAP TO GND  OOPPP MF TERMINATING RES 


R= 400 OHMS 


EXPOSED POWER 
WIRE 


CROSS SECTION SIOE VIEW 
Fig. 18.—Antenna efficiency al otal Input Кез. _ _21.0 — 97.5% 
Useful Res. 27.76 


Since a power line represents a relatively high resistance 
as a load, a step-up ratio of voltage transformation 15 ex- 
actly what is wanted to couple a low resistance generating 
system to such a line. 

In determining the efficiency of a transformer it is usual 
to arrive at the input by adding all the known losses to the 
output and dividing the output by the input. This practice 
may be followed in the case of antenna coupling system. 
The losses in the antenna system are due to dielectric ab- 
sorption, radiation and the resistances of the primary and 
secondary conductors. The resistances of the primary and 
secondary are the resistances of the antenna wire and the 
resistance of the power conductor immediately under the 
antenna, since this part of the power line may be charged 
against the antenna as part of the coupling system. 


RESISTANCE OF ANTENNA CONDUCTORS 


The resistance of a copper conductor .5 inches in dia- 
meter at 50,000 cycles, as determined by the method recom- 
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mended by the Bureau of Standards is 10.86 multiplied by 
its d-c. resistance which gives 2.47 ohms per mile of one 
wire. Tests on actual power lines show that the resistance 
рег mile is much higher than the above figure. This is prob- 
ably due to the effective resistance as measured including 
the various other losses, such as radiation and absorption, 
etc. The value of resistance as determined by test on a 
typical power line is approximately 8.0 ohms per mile of 
one wire and this value will be used in calculating the 
losses in the antenna. It is assumed that the antenna cur- 
rent is uniformly diminished toward the open end at which 
point it is of course zero. The effective resistance of a wire 
having such a current distribution is 1/3 the total resistance. 
If the current were distributed according to a sine law the 
effective resistance would be 14 the total resistance. The 
distribution is sufficiently close to the straight line law to 
be assumed correct in this case. The resistance of 1500 feet 
of antenna wire is 2.28 ohms. Assuming a straight line cur- 
rent distribution the effective antenna resistance is .76 
ohms. The total antenna resistance is .76 + 27.0 — 27.76 
ohms. The efficiency of the system is 

useful res. __ 27.0 

total res. 27.76 


GROUND LOSSES NEGLECTED 


It will be observed in the foregoing that the ground is 
assumed to be a perfect conducting plane. In practice there 
are appreciable losses in the ground under the antenna and 
there are much more serious losses at the ground stake or 
system of ground stakes where the circuit makes contact 
with the ground. If we were interested in the practical case 
of efficiency of an antenna to ground these losses would have 
to be taken into consideration, and would make a reduction 
in the efficiency calculated. The ground stake losses, how- 
ever, can be reduced almost as much as we like by subdivid- 
ing the ground currents among a number of stakes. Such 
losses therefore are not chargeable directly to the mechan- 
ism of coupling, but rather to the existing conditions in any 
specific case. The case with which we have to deal in prac- 
tice is usually one in which the ground does not enter, so 
the foregoing analysis will apply directly except that the 
dimensions of the coupling system are somewhat different. 
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Ground losses are eliminated in much the same way as is 
done in radio by using a counterpoise in connection with an 
antenna. The antenna currents then flow entirely in metal- 
lic conductors and the electric field is not intercepted by the 
ground plane. The dielectric is air which is the best dielec- 
tric known so that the losses in the electric field due to 
absorption are very low as is assumed in the foregoing. 
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Fig. 19a. Fig. 19b. 
Fig. 19.—Typical tower carrying 2-3 phase 132,000 volt circuits. Total 


I 
coupling ratio г = 23.2%. Antenna efficiency 94%. 


PHASE TO PHASE COUPLING 


This method of coupling requires two coupling wires or 
antenna. These coupling wires are associated with the 
power conductors as intimately as possible. Fig. 19 shows 
a typical steel tower carrying two three phase power cir- 
cuits. The position of the antenna is indicated at 1 and 1’. 
These are arranged to be on a level with the top and bottom : 
phase wires if possible. The antenna wires 1 and 1' are con- 
nected to the transmitter loading coil so as to be at equal 
and opposite potentials with respect to ground at all times. 
By this arrangement charges of opposite polarity are in- 
duced in the top and bottom pairs of power conductors, 
which thus causes opposing currents to flow in these wires. 
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Such a coupling system avoids the use of ground as a part 
of the circuit both in the antenna and in the line. The sys- 
tem is sometimes referred to as phase to phase, inter-phase 
or metallic circuit coupling. 

As an example of phase-to-phase coupling, assume the 
distance between the antenna wires to be 28 feet with 14 
feet between the antenna at the center of the arm, and the 
power conductor on the same level. If the conductors are 
all 300,000 cir. mils the coupling potential will be 


T, 31.4 
E log е log 1L0 —— 
E p 2D ==, 2x12x28 ^° 
9-4 9 — 63 


The characteristic impedance of a power line having this 
size conductor and spacing is about 850 ohms per circuit. 
If we assume the two circuits to act independently, each 
would be terminated in its characteristic resistance of 850 
ohms or they may be in parallel giving a resultant of 425 
ohms. Since the coupling percentage of 11.6% applies to 
both circuits the total current appearing in the power lines 
will be 23.2% of the antenna current. The terminating re- 
sistance of 425 ohms reacts into the antenna side of the 
coupling system as 
R = R' ~ '— 425 X ( .282 )' —22.8 ohms 

Assuming as before 8 ohms per mile of single conductor as 
an approximation of the conductor resistance, the resistance 
of 1500 feet of antenna consisting of two wires is 4.56 ohms. 
Since the current is not constant throughout this length but 
diminishes from a maximum to zero at the open end, its ef- 
fective resistance will be 1/8 of this or 1.52 ohms. The over- 
all antenna efficiency will be 

useful Res. Со. _ 22.8 КА 

total Res. 22 8 e 


ANALYSIS TAKING REACTION BETWEEN WIRES 
INTO CONSIDERATION 


In the analysis up to this point no consideration has been 
given to the reaction of the charge on the power conductors 
on the charge on the antenna. These effects may be readily 
calculated by the method given by Maxwell. This method is 
based on the principle that the potential at any point is 
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equal to the sum of the potentials produced independently 
by the several charges. As pointed out in connection with 
equation 15, the potential produced at a given point P by a 
charge Q above a conducting plane is equal to 


| E,— 2 41047 


This relation consists of a factor 2 log = which multiplied 


by the charge q gives the potential at the desired point and 
may be written 
Е = qp (37) 
The factor р is called a potential coefficient. If we have sev- 
eral charges such as @,,49.,q,,all acting to produce a resultant 
potential at P and if each of the charges acting indepen- 
dently has a potential coefficient p,, p,, р, respectively the 
resultant potential will be 
E,— 9, Di T q: D, + d; Рз (38) 
Applying this principle to the case of a single antenna wire, 
Fig. 17 acting on a grounded power conductor, the resultant 
potential of the antenna wire is made up of two parts, first 
that produced by the charge on the antenna wire itself, and 
second by the effect of the charge on the grounded power 
wire. Using the usual notation 
E, = QD; + da Posi (39) 
E, = 4, Pare + Qi Di» (40) 
The first part of each subscript of the potential coefficient 
indicates the body on which the charge is located and the 
second part indicates the point or body on which the poten- 
tial is induced. 

In equation 39 the first term q, 7,,, gives the potential 
of the antenna wire due to its own charge q,. The potential 
coefficient in this case is simply reciprocal of the antenna 
capacity i.e., P, ==? logt- as in equation 19. The 
second term q, Pz, gives the potential induced on the an- 
tenna by the charge q, on the power conductor. The poten- 


; з ; T 
tial coefficient in the case is p,,, = 2 log— where т, and r, 
Ti 


are the distances from the power wire to the antenna and 
its image respectively. 

If we assume that the charge q, is positive and that the 
power conductor is grounded, its potential will be zero and 
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the charge q, induced upon it will be negative. The equations 
may then be rewritten 
i ==; Pai — 9, Par (41) 
0 = —9 Doo + 9. Di; (42) 
The values of the potential coefficients are: 
2D T 
Di = "Р, = 2 log "d Pip = D2, = 2 log = 
1 


Substituting these values in equations 41 and 42 


2D T, V 
E =q, (2 log r3 —@; (2 log 7.) (43) 


2D T, 
0 = — 9, (2 log a) + qd, (2 log e) (44) 


From equation 44, we get the ratio of the charges on the 
two wires. 


T 
log — 
d; uz 45 
q . 2D (45) 
" шр 
From equation 18 
Р 
log —- 
E tn 
EU 20 
9 d 
Hence 
4, EF 46 
qu E (46) 


That is, the ratio of induced to inducing charge is exactly 
equal to the ratio of induced to inducing potential as 
assumed in equations 28, 29, and 30. Since the currents in 
the power line and antenna are proportional to the charges, 
it follows that Г із just the same whether we take into ас- 
count the reaction of the charge on the power conductor or 
neglect it. The ratio of transformation, which of course 18 
the ratio of primary and secondary currents, is therefore 
unaltered by including the reaction of the charges on the 
power conductor. The equivalent primary resistance of the 
secondary load is therefore unaltered, which means that the 
efficiency of the antenna system works out to be correct even 
though we do neglect the reaction of the charge on the 
power conductor. 
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INCREASE IN ANTENNA CAPACITY 
The actual antenna capacity, however, is slightly in- 


creased. Substituting the values of q, determined from the 
equation 45 in the equation 43, we get 


(l, log - —- 
Е. =q, E log” [жес = aie log z — 
log 
T,]l' 
ове M (47) 
d 2D 
log "a 


The capacity of the antenna is measured by the charge re- 
quired to raise its potential 1 volt, that is 


Е, Е l log =| 
2 log Ja py ^1 (48) 

g log LA 

d 
It may be noted that the first term in the denominator is 
identical with the denominator of equation 19, which repre- 
sents the antenna capacity without regard to the presence of 
the charge on the power conductor. The second term makes 
a correction for the effect of the charge on the power con- 
ductor. It is to be subtracted from the first term and there- 
fore causes the total effective capacity to be somewhat 
greater than the capacity of the antenna wire alone. 

The increase in capacity can be obtained by taking the 
ratio of the capacity including reactions as given in equation 


48 to the capacity of the antenna wire alone given in equa- 
tion 19. This gives 


r, | (49) 


For the case given іп the example shown in Fig. 18 for а 
ló-in. antenna wire, 50 feet above the ground plane and 
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having a power conductor 10 ft. below it, the values are 


log 22 10 = = 3.681 


Ts. o 90 — 
log т, — log jo 995 


Substituting these values in equation 49 
C 2X 3.681 
C 955° 
| 2X 8.681—2 FET (50) 
Hence the antenna capacity in this case is increased 7.5% 
by the presence of the power conductor 10 ft. below it. 


== 1.075 


APPLICATION TO DOUBLE CIRCUIT LINE 


The method of potential coefficients may be applied to 
the case of a double circuit power line having phase to 
phase antenna coupling. In this case we have a total of 
six power conductors to be considered. Under the condi- 
tions arising in practice where the antenna coupling wires 
are on the same level as the upper and lower pairs of power 
conductors, or are at least symmetrically arranged with 
respect to the middle power conductors, the case is greatly 
simplified by omitting the middle conductors entirely from 
consideration. This may be done since by symmetry the 
middle conductors are always located on the neutral plane, 
and therefore have no charge and hence do not enter the 
problem. The case may be further simplified by considering 
only the upper two power conductors and the upper antenna 
wire, the neutral plane being assumed to be a perfectly con- 
ducting ground plane. The potentials are then calculated by 
regarding the lower power conductors and lower antenna 
wire as images. These images are real in this case. Since 
the antenna wire is located symmetrically with respect to 
the upper two power conductors the currents and charges 
on these two wires must be equal. Referring to Fig. 19-b 
the potential equations are 

Е, = 9, Diy — 9: Por — 9з P31 (51) 
0 = — q: Poot 9, Р, — 9 Юз (52) 
Since by symmetry 
q2 = 43 Pir == P22 Diz = Par = Pay 
2D 


T T 
and p,, = 2 log T p,,— 2 log Lr Ps. = 2 log = 
1 3 
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2D T 

E,—«(? log =F) — 2q, (210 ^ (53) 
1 


2D 
0— — a (2 og 1-4. 2 o7) + a 2 log 7+ ) (54) 
8 1 


The last equation gives the ratio of transformation, that is, 
the ratio of charge induced on the grounded power conduc- 
tor to the charge on the antenna. | 


log Ta 
ee Мэ (55) 
а, lo 2D E lo T, 
975 oF 
Since there are two power conductors, each of which has a 
charge q,, the over-all ratio of transformation is just twice 
the above or 
T 
: 2 log 2 
Qo __ 24, ET 2 Ti 
— = = (55a) 
а; d; 2D T, 
log а [од T. 
3 
It will be noted by comparison with equation 18 that the 


ratio is identical with the potential ratio Е. for the conduc- 

tors involved except that the denominator is increased by 

the term log e, The charge induced on conductor No. 2 
3 


therefore is slightly less by reason of the presence of power 
conductor No. 3. The greater the distance between the 
power conductors the less this effect and the more nearly 
they act like independent circuits. 

Substituting the value of q, from equation 55 in 53 


r 2 
log — 
2D (00 2-) 


(56) 
log en S EE log = 7. 


The capacity of the antenna wire to "s neutral P taking 
Into consideration the reaction of the charges on the two 
Power conductors above the neutral plane, is 


C 1 
E, — l 2D lo a , ‘ 


log 22 E log 7: — 
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If we omit the entire second term in the denominator the 
equation gives the capacity of the antenna wire to the neu- 
tral plane, neglecting the reaction of the power conductors, 
as in equation 19. The effect of this reaction is to somewhat 
increase the antenna capacity. 

The interwire capacity, that is, the capacity between the 
antenna wire and the two associated top power conductors 
is | 


r 
j 2q T 
C —C 2 —C ы ы NECARE 
а, 2р ГАЙ (58) 


[09 Sd ЖЕШ log T. 


where C is the total or effective antenna capacity as deter- 
mined by equation 57. This reduces to 


2100 2 
C = a RNC 
2D 
2 (то E ) + 2 log? -X log s — 4 (loo 7 *) 


The last term in the denominator corrects for the effect of 
the reaction of the power conductors. If this term is 
omitted the equation reduces to the interwire capacity ob- 
tained by neglecting the reaction of the charges on the 
power conductor. These equations may be applied to the 
case of phase-to-phase antenna coupling previously worked 
out. They now take into consideration the reaction of the 
charges on the power conductors. Referring to Figures 19-a 
and 19-b 
log £D. —2 X12 X 28 
d ‚68 
81.5 
15 
The ratio of transformation is 


= 3.0273 


39.6 


28. ^ 1507 


log Та == log = .850 and log EN log 
Ti T3 


2 log 2 
"PE Ti __ &X 850 — 22.0% 
d ,,2D ,, 7, 80274 .150  '"" ^ 

log d + log "i 
It will be noted that this is changed but very slightly from 
the previous value of 23.1% obtained by neglecting the 


second term in the denominator. Hence in this case the 
power conductors are so far apart that they have but little 
effect on each other. 
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Using the new value of 22.0% as the correct ratio of 
transformation, we get the equivalent primary resistance 
due to the secondary resistance of 425 ohms, of 

R = R' = = 425 x ‚22° — 21 ohms 
The resistance of the antenna wire is 1.52 ohms, therefore 
the efficiency of the circuit is 
21.0 
21.0 + 1.52 
the previous efficiency was 94% 
The capacity of an antenna wire to the neutral plane is 


— 93.5% 


The ratio of the total effective capacity of an antenna 
wire to the simple capacity of the single wire to the neutral 
plane is obtained by combining this with the equation 57, 
which gives 

zD 


2 109—- 


210022. BARN A (log 19) 


С" 


2р T, 
T a diu (59) 
Applying this to the line under consideration we get 
C 2 X 3.027 


2x 3.027 — + 255° 


7 — 1.025 
3.027 + .150 


2D 
d 

Hence the antenna capacity is increased by only 2.5%. 

The interwire capacity, that is, the effective capacity be- 
tween the antenna and the power line as determined by 
equation 58 is 

C=C =. — C X 1.025 X 22% 
1 

The value of C, the capacity of the free antenna wire to 
the neutra] plane is 


Where log = 3.027, 10922 = .85 and log - = .150 
1 8 


__ .0888 . ' 
C= —;p == 925. —.0128 „f. per mile of one wire. 
log —— ` 


d 
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Assuming the antenna length to be 1500 feet this gives 
Е 1500 

C —.0128 X 5980 00864 pf. 

C' = .00364 X 1.025 = .00874 uf. 
Substituting this value for C in equation 58 we get 

C" — .00364 X 1.025 X 22% — .00082 pf. 

This is the total capacity which couples the antenna wire to 
the upper two power conductors. The capacity to each con- 
ductor is one half of this or .00041 yf. 

It is important to note that the presence of the group of 
wires represented by a double circuit power line increases 
the antenna capacity by so small a value as 2.5%. It is also 
of interest to note that this increase in capacity is less than 
in the previous case of phase-to-ground coupling where the 
increase is 714%. This would seem rather inconsistent, but 
a study of the equations involved will show that the effect is 
due to the low coupling ratio in the phase-to-phase case, 
which is only 11% to each wire, whereas in the phase-to- 
ground case the coupling ratio is 26%. This striking differ- 
ence in coupling ratio is the result of the very great change 
in distances involved. The value of D in the phase-to- 
ground case is the distance between the conductor and its 
image, or 100 feet, while in the phase-to-phase case, it is 
only 28 feet. 


EFFECT OF LINE TERMINATING RESISTANCE 


The analysis up to this point, while taking into consid- 
eration all the capacity reactions between the antenna and 
the various wires of the power line, it has been assumed 
that the induced current in the power line due to the cur- 
rent in the antenna is the same as the current in the power 
line, when the power line is shorted to ground in the case 
of phase-to-ground coupling. In other words, it is assumed 
that the effect of the line characteristic impedance is negli- 
gible in comparison with the impedance of the interwire 
capacity. That this is true may be demonstrated by calcu- 
lating the current through the terminating impedance as in- 
dicated in Figs. 20-A and 20-B, which shows the relations 
of the various elements in an antenna system. It is assumed 
that the line characteristic resistance is 850 ohms. This is 
represented in the section 2, 3 of the diagram. The total an- 
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tenna capacity involving all reactions for the double circuit 
line previously calculated is .00374 pf. Of this, .00082 „f. 
is interwire capacity. The capacity of each power conductor 
to the neutral plane is .00374, but when two wires are tied 
in parallel at the given spacings the capacity of each wire is 
only 95% of the original, or both wires have together 1.90% 
of one wire. Thus the capacity of the two power conductors 
to the neutral plane is 1.90  .0087/ — .00712, of which 
.00082 is the interwire capacity between them and the an- 
tenna. The net capacity of the two power conductors to the 


ANTENNA САР 2.00374. 
ANTENNA WIRE 
$ ў"- гооо; TOP PONER mike 


{re 2093/5 


MIDOLE POWER WIRE 


NEUTRAL PLANE NEVTRAL PLANE 


BOTTOM POWER WIRE 


Я RESULTANT CIRCUIT 
г'о re 3 


ANTENNA TO NEUTRAL PLANE 
BOTTOM ANTENNA NIRE 

CROSS SECTION OF LINE | 

Fig. 20a. Fig. 20b. 


Fig. 20.—Complete analysis of phase-to-phase antenna coupling to 
double circuit power line efficlency — 92.2%. 


neutral plane which shunts the line terminating resistance is 
.00712 — .00082 —.0063 yf. This capacity is in shunt with 
the characteristic impedance of the two lines in parallel 
to neutral, or 212.5 ohms. The interwire capacity is shown 
by the condenser in the link 1, 2. The capacity of the an- 
tenna-to-ground shunting the whole system is .00374— 
00082 — .00292 pf. 

The impedance of the parallel mesh 2, 3 is 

2.2, 
Za з = Z, 4 Z, a 7 (60) 

The impedance of the total path from 1 to 3 which іп- 

cludes the interwire capacity is 


2.2. 
Zi, = Z, + Z4 = 2, + 7 +7 (61) 


The current passing from 1 to 3 by way of the interwire 
capacity is 
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I — E _ E 
nm ут Z, Z. 
Z 3 
+ Z, 7, (62) 
The drop across the resistance is 
E Z, Z: 
A AE EA 
т ZEE (63) 
2,2. 
1 -— E. E 2, + 2, 
2. 2, Z, Z. 
4 tz 17, (64) 
The total current in the antenna is 
E E E 
I= ұ- + Ls = "y + f 7 ; 
Z, Z, Z, + Z, Ly 
7" Z+ Z (65) 
2.2, 
2, + 2, 
2,2. 
Loi 7T XE Р 
I 7, 1 1 (66) 
2, Z, Z, 
Z,+ Z, + 2, 
Ads which is small in comparison 


If we neglect the term 


with Z, we get 


1, Z, 
І 2,°°4,42, 
where Z’ is the total antenna impedance. 
This relation will enable us to calculate the current going 


2 Z7 
_ 27 


т 


into the power line per ampere of antenna current. 5 18 


the coupling ratio and can be used in determining the final 
overall efficiency. 

Applying this to the example of the double circuit line 
we get 


| 1 | 1 
2 5.6! 638 X 50,000 X 00874 X10" 
= — } 858 ohms 
Z, — 1 1 


jeC, 628 X 50,000 X .00082 X 10^ 
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— — 7 8900 ohms 
1, 1 
з= C, 6.28 X 50,000 X .0063 X 107^ 

== — 7507 ohms 

Z,— 399 — 1.5 
2 | 

L ZZ, — 7858 (— 507) 
IZ, ‘2,42, (—]3900) (212.5 — j 507) 
I, 858 x 507 n 
T3900 5167 — 20.8% which is the transforma- 


tion ratio with all reactions considered. Thé terminating re- 
sistances on the two power lines in parallel transformed into 
the equivalent primary or antenna resistance is 


R = 425 X m — 425 X (.203 )' — 17.5 ohms. 
The total antenna resistance —17.5 + 1.52 = 19.02 ohms. 


The resultant efficiency is n.: —92.2% taking every- 


19.02 


thing into account. 


CONCLUSION REGARDING ANTENNA EFFICIENCY 


From the foregoing analysis it is quite apparent that 
the present’ popular idea that antenna coupling is inefficient, 
is not well founded. The analysis shows that with the coup- 
ling distances ordinarily obtainable in practice, the effi- 
ciency of antenna coupling is so high that the coupling losses 
do not seriously affect the energy actually delivered to the 
line by the transmitter. 

Of the two methods of coupling Алые: namely, an- 
tenna coupling and condenser coupling, there is little prefer- 
ence either way on the score of coupling efficiency. The 
decision as to whether antenna coupling or condenser coup- 
ling should be used in any given case, must be made on 
altogether different grounds than that of coupling efficiency. 

For high-voltage lines, antenna coupling is in general 
to be preferred. This preference is because of the fact that 
with antenna coupling the dielectric is air, which is the best 
insulation obtainable. There is no progressive deterioration 
to be feared in а condenser having an air dielectric. The 
coupling wires are out in the open and always accessible 
for inspection. The method of supporting the coupling 
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wires is exactly the same as that used in regular line con- 
struction, and is therefore something with which a power 
man has much experience and in which he has great con- 
fidence. Antenna coupling is in general much safer than 
condenser coupling, and for high voltage lines it is less ex- 
pensive. | 

There are circumstances under which antenna coupling 
is at a disadvantage. These considerations are mechanical 
rather than electrical. Sometimes the lines leaving a sta- 
tion swing immediately across a river and the supporting 
structures are such that no provision can be made for 
carrying the necessary. antenna wires, without seriously al- 
tering or rebuilding the steel work. In such a contingency 
coupling condensers find a proper application. The physi- 
cal arrangement of the high tension apparatus, and the 
manner in which the lines leave the station sometimes make 
it difficult properly to locate antenna wires. Sometimes an 
adjacent circuit, in which we have no interest, will be ex- 
posed to the inducing field of the antenna and thus rob us 
of useful communication energy. For low voltage lines, the 
cost of condenser coupling is often less than for antenna 
coupling. It might be said in general that where for mechani- 
cal reasons there are objections to mounting antenna coup- 
ling wires, coupling condensers have a legitimate applica- 
tion. 


PROPAGATION OF ALTERNATING CURRENTS 
ON AN INFINITE LINE 


In the study of lines, especially when transmitting high- 
frequency currents, their properties are more easily under- 
stood when the length is made infinite. The behavior of an 
infinite line is much more simple than that of a finite line, 
because it is not complicated by reflections from the end. 
With such a line all disturbances originating at the sending 
end are propagated down the line and can never return to 
combine with, and interfere with the advancing waves com- 
ing from the sending end generator. 

When alternating currents are propagated down an in- 
finite line, the amplitude of the voltage vector is progres- 
sively reduced as the distance from the sending end is in- 
creased. The percentage decrease in amplitude per mile is 
a constant throughout the length of the line. The amplitude 
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0f the voltage vector at a point x miles from the sending 
end may be expressed as | 

E, = Е, ех (67) 
The reduction іп amplitude per mile is given by the factor 
€*. It is the attenuation ratio per mile of line. The expo- 
nent a is the attenuation constant. 

In addition to being progressively reduced in amplitude, 
the phase of the voltage vector is progressively shifted back- 
wards as the distance from the sending end increases. That 
is, the vector representing the potential between wires at a 
given point on the line, differs in phase from the vector 
representing the potential at a point farther down the line. 
The potential at the more distant point always lags behind 
the potential at a point nearer the sending end. This phase 
displacement is the same for each mile of line, that is, it is a 
constant. The phase lag per mile is called the wavelength 
constant. The phase lag of the voltage vector at a point x 
miles from the sending end is 

0—Bzx (68) 
where B is the wave length constant. | 

The attenuation of the voltage or current vectors as well 
as the retardation in phase, can be represented diagramma- 
tically as in Fig. 21. The line conductors are represented by 
А, B and C, D. The potential between lines at the point A 
is represented by the length of the vector E,, which is drawn 
vertically as a position of reference. At points representing 
one mile intervals circles are drawn whose radii are pro- 
gressively reduced by the factor e-*. Thus the radius of the 
circle at the end of the first mile is E, e*. The circle at the 
end of the second mile is E, e** etc. The circle at the distance 
t is defined by equation 67. The voltage vector at the end of 
the first mile is drawn so as to lag behind E, by the angle B. 
The voltage vector at the end of the second mile lags by the 
angle 2 B etc. 

The potential at the point x may be completely repre- 
sented by combining equations 67 and 68 thus 

Е, = Е, е-*х. е -)Вх (69) 
The factor e-?* is an operator (cos Вх — j sin Bx) which 
rotates the vector it acts on through the angle (— Bx). It 
performs the operation required by equation 68 in that it 
locates the vector E, behind E, by the angle Bx. The whole 
expression therefore gives the vector E, both in magnitude 
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and in phase with respect to E,. Adding the exponents in 
equation 69 we get 
E, = E, e- -l- 38) x — Е е-Рх (70) 
where P =a + jB. The quantity P is known as the propa- 
gation constant. It may be demonstrated to be* 
P—=VR+joL VG+ eC (71) 
where R, L, G, and C are the fundamental constants of the 
line per unit length. 
The current in an infinite line is attenuated just like the 


С 


р 


Fig. 21.—Diagram showing the phase and magnitude of potential at 
various points along a line. 


voltage. The current at any point in the line without regard 
to phase is expressed by an equation similar to equation 67. 

Ime (72) 
If we insert an ammeter at the sending end and another at 
a point in the line x miles away, we can use the ratio of 
these two readings to determine the attenuation constant a. 
Thus, 


lon 
p (73) 
from which we get the attenuation constant, 
I 
log,, #— 
P Jio I, (74) 
A343 X 


This equation is of importance since it enables us to deter- 


*See "Propagation of Electric Currents” by Fleming. 
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mine the attenuation constant by making observations on 
the line. 


CHARACTERISTIC IMPEDANCE 


The current entering an infinite line may be expressed 
in terms of the sending end applied voltage and the im- 
pedance which the line offers to the sending end generator. 


Thus, L— 
1^ — УЛА (75) 


where Z, is the vector impedance of the line viewed from 
the sending end. If a piece of the given infinite line were 
cut off and the sending end generator connected to the re- 
mainder, the current flowing into the line will still be de- 
fined exactly by equation 75. The impedance which the line 
presents to the sending end generator will still be exactly Z, 
as before since the line is infinite. It is a property of an 
infinite line, therefore, that it presents a constant impedance 
to the sending generator irrespective of the point where the 
generator may be connected. This constant impedance is 
called the “characteristic impedance” of the line. 

If a piece of an infinite line is cut off and the open 
end closed by an impedance equal to the characteristic im- 
pedance, it will act on the sending generator exactly like 
the corresponding infinite line. Under this condition the 
currents at the sending and receiving ends may be mea- 
sured, and the attenuation constant determined by the rela- 
tions expressed in equations 73 and 74. It is important to 
note that the attenuation constant can be determined di- 
rectly from the ratio of sending and received currents only 
in case the line is infinite, or has been converted into its 
equivalent infinite line by being terminated in its charac- 
teristic impedance. It is therefore necessary to determine 
accurately the characteristic impedance of the line in order 
that it shall be properly terminated before making measure- 
ments of current ratio. 

The usual method of determining the characteristic im- 
pedance of an actual line under test is to measure the im- 
pedance of the line with the distant end open, and again 
with the distant end short. The characteristic impedance 
is then the square root of the product of these open and 
short impedances thus, 


Ао v Zen X Lop (76) 
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*The analytical basis of this equation is clearly set forth in 
standard works on the subject. This method is theoretically 
applicable to lines at all frequencies. It is quite satisfactory 
at low frequencies, but is not quite so well suited to work at 
high frequencies. Unless great precautions are taken ser- 
lous errors are likely to occur which carry with it corres- 
ponding errors in the attenuation ratio. 


SIMPLE METHOD FOR DETERMINING CHARACTERISTIC 
IMPEDANCE 


A much more simple and more reliable method has been 
developed for use on lines at high frequency. As pointed 
out above the impedance looking into a finite line from the 
sending end, will be the characteristic impedance, provided 
the distant end is closed through an impedance equal to the 
characteristic impedance. If therefore an impedance can 
be found such that when bridged across the open end of a 
finite line, the measured sending end impedance is equal to 
it, then this impedance is the characteristic impedance of 
the line. The method then is to place a trial impedance 
across the open end of the line under test, and measure the 
impedance at the sending end. The terminating impedance ` 
is varied until the impedance measured at the sending end 
is equal to it. The terminating impedance is then the char- 
acteristic impedance of the line and the ratio of received to 
sending end current gives the attenuation ratio correctly. 

For work on overhead lines at high frequencies, this 
method is easily carried out in practice, since in this case 
the characteristic impedance is always a simple non-induc- 
tive resistance. This can been seen by inspection of the fun- 
damental equation for characteristic impedance in terms of 
the fundamental line constants, 

VR+ieL 

VG+ 1С (77) 
At high frequencies the value of R is always negligible when 
compared to oL and С is negligible when compared to „С. 
The equation therefore reduces to 

т 
2 о = V C (78) 
Since the 7 component does not appear, the quantity is a 
риге resistance. Hence for work at high frequencies on open 


*See “Propagation of Alternating Currents," by Fleming. 
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wire lines, it is known beforehand that the characteristic 
impedance is a resistance. The trial terminating impedance, 
therefore, is a simple non-inductive resistance. The work 
of measurement at the sending end is also simplified since 
it is known that when the correct adjustment is reached, 
the sending end impedance will contain no reactive com- 


CHARACTERISTIC RES AND ATTENUATION RATIO 
METALLIC CIRCUIT EBOMILES LONG TEST 47 66000 CYCLES 
IZ SOO CM CONDUCTOR CONSISTS OF 7 STRANDS STEEL ANO 0576002 


Ze -8400w«s S'e 5755 Є*^ 
ATTENUATION CONSTANT & + 00923 
EFFECTIVE RES PER MILE OF LINE Ra Cu 2o1/$ 9; 


хоо STEEL ОС RES PER MILE OF LINE • 6.38 Qo ts 
DOSTO AL, — CALCULATED AC RES • 63 
rie ^ CRES, 
A 


Ponent. Hence only the resistance component of the sending 
end impedance need be measured. 

In actually determining the characteristic impedance of 
à line under test a series of values of terminating resistance 
ате used. For each value of terminating resistance the cor- 
responding sending end resistance is measured. These data 
are then plotted in the form of a curve as shown in Fig. 22. 

е terminating resistances are plotted as abscissae and the 
méasured sending end resistances are plotted as ordinates. 
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The smooth curve A, B is then drawn through these points. 
The characteristic resistance is represented by a point on 
this curve whose coordinates are equal. This point may be 
determined by drawing the line O G so as to bisect the right . 
angle at O. The coordinates of any point in this bisector 
are equal. Hence the intersection of O G with the resistance 
curve A, B determines the point “E”, whose abscissas or 
ordinates are each equal to the characteristic impedance. 
The characteristic impedance for the line shown in Fig. 22 
is 850 ohms. 

In taking the data for the resistance curve, ammeters 
are placed at the sending and receiving ends. Readings of 
these meters are taken for each value of terminating resis- 


tance. The ratio of these currents *- is then plotted as curve 


1 

C, D Fig. 22. The received currents for any value of ter- 
minating resistance can then be picked off this curve. The 
ratio of received to sending current for the case where the 
line is terminated in its characteristic impedance, is deter- 
mined by drawing a vertical line through Е. Its intersection 
F with the curve C, D gives the attenuation ratio. The value 
of the attenuation ratio for the line under consideration is 
57.5%. 

The line to which the data in Fig. 22 applies is a single 
circuit three phase line, whose configuration is given in Fig. 
23. The test was made on a metallic circuit formed by using 
the two outside wires 1 and 3. The middle wire was open at 
both ends during the test. The frequency used was 66 kc. 
The power conductors were 397,500 cir. mil. aluminum 
steel reinforced. They consist of thirty strands of alumin- 
um and seven strands of steel, the outside diameter being 
Wg inch. 


APPARATUS USED IN LINE MEASUREMENTS 


The method of making the resistance measurements 
from which the curves in Fig. 22 were plotted is very sim- 
ple. The only standardized apparatus required is a resis- 
tance box and an ammeter at each end of the line. The 
method is that commonly used in making resistance mea- 
surements at ratio frequencies, and is generally known as 
the resistance variation method. The arrangement is shown 
diagrammatically in Fig. 24. The measuring system consists 
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of a condenser C and inductance L, a standard resistance 
box R, and a calibrated ammeter A connected in series to 
the hinges of a double throw switch. When this switch is 
thrown one way the line is introduced in series with the 
measuring circuit. When the switch is thrown the other 
way the line is cut out and the measuring circuit closed on 
itself. Energy for making the measurements is obtained by 
inductively coupling an oscillator to the inductance as 
indicated at M. The resistance of the measuring circuit is 
determined by throwing the double throw switch on short 
and adjusting the measuring circuit to resonance by the 
variable condenser. The coupling is adjusted so that a 
good reading preferably full scale is obtained on the amme- 
ter. Enough resistance is then cut in to reduce the current 
to one half. The inserted resistance is then equal to the re- 
sistance already in the circuit. This gives the resistance of 
the measuring circuit. The double throw switch is then 
thrown on the line and the condenser adjusted for reso- 
nance. The resistance is again measured as before. This 
resistance is the total of the line plus the measuring circuit. 
By subtracting the resistance of the measuring circuit we 
get the resistance of the line. These measurements may be 
made very quickly and with considerable accuracy. The re- 
sults obtained are much more reliable than those taken by 
more expensive equipment using the open and short im- 
pedance method. In the determination of characteristic 
resistance and attenuation by this method the frequency 
does not enter the observations or calculations. This elim- 
inates one source of possible error. 

The impedance of the line may be determined by the 
same apparatus if the condenser C is calibrated, and the 
frequency of the test is known. When the switch is thrown 
on short and the measuring circuit tuned to resonance, the 
reactance of the condenser C is just equal to the reactance 
of the inductance L. When the switch is thrown on the line 
and the condenser readjusted to resonance, the reactance of 
the condenser plus the reactance of the line must still be 
just equal to the reactance of the inductance. Hence if X, is 
the reactance of the condenser when tuning the measuring 
circuit alone, and X, is the reactance of the condenser 
when the measuring circuit contains the line in series we 
have, 
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Х,=Х, + Х 
orX = X,— X, (79) 
1 1 
—«C, — «C, 


where X' is the reactance of the line and C, and C, are the 
values of condenser capacity under the first and second con- 
ditions respectively. By this method the reactance compo- 
nent of the line can be determined for each frequency and 
for each condition of termination. 


ATTENUATION CONSTANT AT HIGH FREQUENCIES 


The attenuation constant is the real part of the propaga- 
tion constant P as defined by equation 71. At high frequen- 
cies such that Р is negligible in comparison with eL the first 
radical may be expanded by the binomial theorem. The real 
part of the resulting expansion may be expressed as 


Е [С 
a= 2^ 4 L (80) 
By comparing with equation 78 we can substitute for V - 
its value 7> The relation then becomes 
° R 1 
= у (81) 
or R=2a Z, 


This equation is quite useful in making experimental studies 
of open wire lines at high frequencies. By the foregoing 
methods the attenuation constant a and the characteristic 
impedance Z, are determined readily by direct observation. 
Equation 81 enables us to use this data to calculate the ef- 
fective resistance per mile of line. This is very useful since 
it is not possible to make direct measurement of line resis- 
tance at high frequencies owing to the distributed induc- 
tance and capacity. This effective resistance includes losses 
of all kinds which may be present in the line, in addition to 
the actual resistance losses in the conductors themselves. 
The conductor resistances alone may be calculated with 
accuracy from the tables and methods given by the Bureau 
of Standards. A comparison of the effective high frequency 
resistance of the line as observed with the calculated high 
frequency resistance of the conductors, gives data of con- 
siderable value. 
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TESTS ON 397,500-CIR. MIL ALUMINUM CONDUCTORS. 
In the case of the line whose data are plotted in curve 
Fig. 22 the characteristic impedance was found to be 850 
ohms, and the ratio of received to transmitted current was 
575 thus 
cd 
7.575. 


43438 ax = log o X 24033 — 


ех 


The line on which the measurements were made was 60 
miles long hence x — 60 which gives 


a— LL 24088 
© 4448 X 60 
This is the attenuation constant of the line at the frequency 
of 66,000 cycles. The effective resistance of the line per 
mile is 
R = 2a Z, = 2  .00928 X 850 = 15.7 ohms 

The conductor of which this line was made consists of 
90 strands of aluminum, giving a total aluminum cross sec- 
tion 397,500 cir. mils. These aluminum strands were assem- | 
bled around a steel core of 7 strands, the total outside diame- 
ter being 7% inch. The d-c. resistance of the aluminum 
part of the cable is .458 ohms. The ratio of measured effec- 
15.7 
758 = 84.8. 

The ratio of a-c. їо 4-с. resistance calculated for this 
conductor by the method of the Bureau of Standards is 

R 
R. == 18.69 
where R is the a-c. resistance and R, is the d-c. resis- 
tance. Using .458 ohms as the d-c. resistance R, in the 
above we get the a-c. resistance at 66,000 cycles to be 
R= .458 X 18.69 = 6.3 ohms 

The ratio of the observed a-c. resistance of the circuit per 
mile to the calculated a-c. resistance of the conductors 


= .00923 


tive a-c. resistance to d-c. resistance is 


МЕ 7 | ; А 
alone is T — 2.50. Hence there are losses in the circuit 


such that the effective resistance is 2.50 times as great as 
the resistance known to exist in the conductors themselves. 
These extra losses then amount to 150% of the losses in the 
conductors. By reference to Fig. 23 it will be seen that 
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there are two insulated conductors twelve feet above the 
level of the power conductors whose resistances were being 
measured. These conductors are transposed with respect to 
the power line every five miles. Currents induced in these 
conductors from the currents flowing in the power line 
probably account for some of the losses in excess of the con- 


STEEL-/32 DIA 
397500 cM COMPOSITE WIRES 
3O-STRANOS AL demus S-STRANOS AL 
7-STRAWDS STEEL 4^ STAANOS STEEL 


AL -/33 DIA 


Fig. 23. 


ductor resistance losses. In addition to this about 0.9% of 
the electric field between conductors 1 and 3 is intercepted 
by the ground plane. There are thus currents in the ground 
due to stray field from the line. It is of interest to note that 
the total value of the stray losses is not greater than 150% 
of the conductor losses. The value of Z, the line characteris- 
tic resistance may be determined by calculating the value 
of inductance and capacity per mile from the physica) di- 
mensions of the line thus, 


L = 14.8 X 107 log,, 20 henrys per loop mile. 
‚01951 

"2D H 

logo d 


C = f. per mile between wires 
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14.8 X 10- log 118 X 10^ log 20. 
Z,— 4 с = :01941 e 7.01941 X 10° . 


== 276 log,, ohms 


E 

For the line shown in Fig. 21 using the outside power con- 

ductors 1 and 3 this becomes 

2x12 x 28 
879 

The measured characteristic impedance was 850 ohms which 

is 6.5% higher than the calculated value. 


Z. = 276 X log = 796 ohms 


ЛЕРА 
С m а 


Fig. 24.—Аррагаїив and circuit used in making line measurements. 


VELOCITY OF PROPAGATION 


The velocity of propagation at high frequencies may be 
determined from 


V= TF 
VLC (82) 
Comparing this with the relation 
L 
Z, = C 


it will be apparent that if the velocity were known and the 
characteristic impedance Z, were also known, the values of 
L and C would be determined thus 
L= 2, 
У (83) 


1 
ZV (84) 
Thus in the case of the line Fig. 22 in question, assuming 


and C— 
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the velocity to be 186,000 miles per second we get 
LZ... 850 __ 

~ V 186,00 
1 m 1 

Z, V — 850 X 186,000 


— 4.57 milli-henrys per mile. 


C= —.00633 MF. per mile 


CHARACTERISTIC (MPEQANCE ANO ATTENUATION RATIO 
METALLIC CIRCUIT 60 MILES LONG TEST AT 66,000 CYCLES 
CONDUC TOR CONSISTS OF 4S5TRANOS STEEL ANO 3 STRAWDS AL 
1, 
ац “Kx 
cowmos;rp a Z° ° 900 ons. T's 226=€ 
STEEL CONDUCTOR ATTENUATION CONSTANT «С = 0248 


EFFECTIVE АС RES Ru 2« Zo x 44.5OMMS 
398 МА CALCULATED AC RES = 20.5 
OBSERVED RES. 4g, 


4 STRO ST RATIO CAL RES 
O STELL oc RES = 34 ONMS PER MILE OF ONE WIRE 


3 STRO AL. 


The value of L calculated from the dimensions of the line are 
L — 14.8 X 107 log en 
= 14.8 X 10-* X 2.8853 = 4.25 milli-henrys 
and the value of C is 


С 0194 0195 _ 
. 2D — 2 8853 
log d 


Hence the ratio of the value of L deduced from observation 
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of Z, to that calculated from the dimensions of the line is 
L observed 4.57 X 10° 


L calculated ^. 4.25 X 10° ~ 7 
апа C observed .00688 
C calculated 00672 ~ 94-270 


Thus the observed inductance is 7.5% high and the observed 
capacity is 5.8% low. If we substitute in equation 82 the 


CHARACTERISTIC IMPEDANCE AND ATTENUATION RATIO 
METALLIC CIRCUIT CONDUCTORS ARE 7 57QAWOS STEEL 
LENGTH OF LINE » 46 MILES TEST FREQ з 66x C 

Ze = 800 ONMS 


Hs о 


STEEL WIRES vwota TEST 
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: ^ 4—— 


a] 
2 


эс IN 2 
ЖБ И ИИ ЖЕЕ ИЕ И 
Й 
| м 2 
| | [кене] | | | | la. 


00 £00 300 400 500 600 700 800 900 1000 


Fig. 26. 


values of L and C calculated from line dimensions, we get 
the velocity of light. 
(M ee OE A ee 
VLC узус 10+ log x 0194 10 
d log 2D 


d 


— 186,000 miles per sec. 
The assumption that the velocity of propagation on over- 
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head conductors is very nearly the velocity of light may be 
justified by calculating the velocity from the value of the 
propagation constant. If the velocity were different from 
the velocity of light, it would be due to losses in the 


53° 


Fig. 27.—Dimensions of tower carrying 132-kv. line on which tests 
were made. 


circuit as represented by the E and G equation. Taking the 
observed values as 


Z, = 850 ohms а = .00923 
R =15.7 ohms L = 4.57 mh. 
G —0 C = 00688 pf. 


Frequency == 66,000 cycles 
P=VR+j70oLXVG,+ )0C0 
— ү 15.7 + 31890 X V 0+ 2.62 У 10° 
— 2.225 / 90° — 14.25 
а = Р cos (90° — 14.'25) = .00923 
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B= 2.225 radians per mile 


2т 6.2832 
Aves ^B 2325 775 


V= fX à= 66,000 x 2.88 = 186,800 miles per sec. 

From this it will be apparent that the velocity of propa- 
gation on overhead lines at high frequencies must be very 
nearly equal to the velocity of light. 


CHARACTERISTIC IMPEDANCE AND ATTENUATION 
METALLIC CIRCUIT, CONDUCTORS (43 
CONDUCTORS ARE 46 € STRANDS COPPER 
LENGTH OF LINE * 6 MILES. Im FREG s 4i КС 
Ж» з 850 ONMS 2.925 = 
ATTENUATION CONSTANT En 00058 
EFFECTIVE RES. PER MILE OF LINE R= ÈL Zo o 4.6 ОНАЗ 
CALCULATED AC. RES. PER MILE 2 4.96 OHMS 
OC. RES PER MILE *. $38 OHMS 


OBSERVED AC. RES. ME „ 
RATIO ZiculaTED ACRES.” #96 "794 


100 200 зо 400 $00 600 700 боо 900 /660 


Fig. 28. 


By assuming the velocity of propagation to be the velo- 
city of light we are enabled to calculate the effective values 
of inductance and capacity per mile of line, if Z, is accur- 
ately determined thus 

Zo 1 
ку DÀ 
where V is assumed to be 186,000 miles per second. The 
values of L and C so determined should not differ greatly 
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from those calculated from the dimensions of the system by 
equations page 60. These relations therefore serve as a 
check on the accuracy of the observed data. 


TESTS ON ALUMINUM STEEL CONDUCTORS 


In Fig. 25 is shown data applying to the conductors sup- 
ported above the power line Fig. 23. These conductors are 
made of aluminum and steel strands, four strands of steel 


CHARACTERISTIC IMPEDANCE AND ATTENUATION 
METALLIC CIRCUIT. CONDUCTORS 148 

CONDUCTORS ARE 96 /9 STRANDS COPPER 

LENGTH OF LINE & MILES. TEST FtEQ.99 3k C 
Zeo = 830 OHMS. $"».94524-** 

ATTENUATION CONSTANT & = 008.58 

EFFECTIVE RES. PER MILE OF LINE Оз 2С Zo» 14.2 OHMS 
CALCULATED ACRES = S44 ONMS 

ОС RES. « 558 OHMS 


OBSERVED AC RES. 2. 
RATIO CALCULATED АС RES. | #& 226 


100 200 300 400 500 600 700 800 900 1000 


Fig. 29. 


and three strands of aluminum. The diameter of each strand 
is .133 inches, the over-all diameter of the conductor being 
.898. The characteristic resistance is seen from diagram to 


be 900 ohms. The attenuation ratio - —.226 — e*x, From 
1 


| this we get the attenuation constant а = .0248, the distance 
x being 60 miles. The effective resistance is 
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R = 2a Z, = 2 X .0248 X 900 = 44.5 ohms per mile 

The calculated ratio of a-c. to d-c. resistance using Bu- 
reau of Standards methods is Ё 7.22 assuming the соп- 
ductor to be 7 strands of aluminum. If we assume that the 
field distribution in the actual aluminum and steel cable is 


CHARACTERISTIC IMPEDANCE АЛО ATTENUATION RATIO 
METALLIC CIRCUIT. CONDUCTORS /& 4 IN PARALLEL TO ЗА 6 
CONDUCTORS ARE 40 COPPER 

LENGTH OF LINE = 6 MILES 

EFFECTIVE RES PER MILE OF LINE Фе PK Zo "15.5 ONMS 
TEST FREQ © 425 KC. 


Zo = 440 OHMS. Z's 957-67 
ATTENUATION CONSTANT « « 00858 
DC RES. PER MILE OF LINE = 268 
CALCULATED AC RES = 264 


OBSERVED AC RES. _ 286 


BATE е Ac. RES. 


Fig. 30. 


substantially the same as if the strands were all aluminum, 
but using the actual d-c. resistance of the aluminum 
strands alone, we get R = 7.22 X 8.4 = 24.5 ohms as the cal- 
culated resistance of one loop mile at 66,000 cycles. The ratio 
of observed effective resistance to the calculated conductor 
resistance is 

observed. resistance 44S 1.81 

calculated resistance 24.5 " 
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Hence there are line losses other than those in the conduc- 
tors amounting to 81% of the conductor losses. 

The calculated value of the characteristic resistance is 


Zo = 276 100.22 = 276 log.o~ 202 — 832 ohms 


2, observed __ 
Z, calculated — "08 


CHARACTERISTIC RES ATTENUATION RATIO 


METALLIC CIRCUIT CONDUCTORS /& 4 /W PARALLEL TO 9466 
CONDUCTORS ARE % COPPER 

LENGTH OF LINE = 6 MILES 

TEST FREQ. = 64.5 XC 

Ze» 465 ONMS s9052£7** 

ATTENUATION Cons TANT «С = 000.50 

EFFECTIVE RES. PER MILE On P Zo «0 ONMS 


Fig. 31. 


Hence the observed value is 8% higher than that obtained 
by calculation from the physical dimensions of the line. 


TEST ON 14 IN. STEEL LINE 


Tests were made on a line consisting of two half-inch 
steel conductors, each conductor consisting of seven steel 
strands. The data are plotted in Fig. 26. The attenuation 
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on this line was so high that virtually no current was re- 
ceived at the distant end 46 miles away. The characteris- 
tic resistance, however, was determined to be 800 ohms. This 
was simply the resistance of the line as measured at the 
sending end, the attenuation being so high that there was 
no observable difference whether the distant end was open 
or short. This line therefore in its natural condition acted 


CHARACTERISTIC RES. AND ATTENUATION RATIO 
PHASE TO GROUND 
COMILES 397500 CM ALUMINUM CONDUCTOR(OWE WIRE) 
TEST RUN AT 44600 . CYCLES 
2° = 630 OWMS. $. „26 = 27% 


ATTENUATION CONSTANT «< e OL2Ff 

EFFECTIVE RES. PER MILE OF LINE Re 2k Ро = 28.4 OUMS 
EFFECTIVE RES. PER MILE ONE WIRE 393.500 СМ * 28 OWMS 
EFFECTIVE RES. PER MILE OF GROUND RETURN е 20.6 ONS 


Fig. 32. 


like a really infinite line. The value of the characteristic | 
resistance in this case was calculated to be 


Ze — 276 X log, 26204 x 2; = 810 ohms 


The observed value of Z, e. 800 ohms was very nearly 
equal to the observed value. 
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TESTS ON 4/0 COPPER DOUBLE CIRCUIT LINE 


Tests were made on a double circuit power line built for 
132,000 volts. The conductors were No. 4/0 copper, con- 
sisting of 19 strands of 105.5 cir. mils diameter. The outside 
diameter of the conductors was .528 inches. Fig. 27 shows 
the spacing of the conductors and Fig. 28 shows tests run 
at 41,000 cycles, using conductors 1 and 8 only. The other 


CHARACTERISTIC IMPEDANCE AND ATTENVATION RATIO 
PHASE TO GROUND 

POWER CONDUCTORS F/R 3 IN PARALLEL 

LINE 6OMILES LONG 397,500 C M. ALUMINUM CONDUCTORS 
TEST FREQ = 66 xc 


Төз 335 One. £f /9:477* 
ATTENUATION CON STANT < £ 0277 
EFFECTIVE RES PER MILE OF LINE 0» P X Zo = (8.5.5 OHMS 
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Fig: 33. 


conductors were open at both ends. The characteristic Te 

sistance is seen to be 850 ohms, while the attenuation 
CREE 7 А 

ratio is La — €7?*, The length of the line in this case 


1 


ts only six miles, so «= 6 from which we get а = 00858; 


Which is the attenuation constant. The resistance of the line 
per mile is 


› — 2 bMS а; - ] 
R= 2aZ,=2>. 00858“ 850 — 15.6 ohms per mile. 
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The ratio of a-c. to d-c. resistance at 41,000 cycles for 
this conductor is calculated by the method of the Bureau of 


Standards to be a= 9.23. The d-c. resistance of No. 4/0 


copper conductor per loop mile is .538 ohms. Hence the 


CHARACTERISTIC IMPEDANCE ANO ATTENUATION RATIO 
NO 3 CONDUCTOR TO GROUND 

LENGTH OF LINE = 6 MILES 

CONDUCTOR 15 Yo 19 STRANDO COPPER 

TEST FREQ x KC 

Zot 320 owns d. 85s ETIK 

ATTENUATION CONSTANT £ = 0271 

EFFECTIVE RES PER MILE OF LINE Ri @d Zo ue ZƏ L OHMS 


RES IN PER MILE OF ONE WIRE = 73 OMS 
RES IN GROUNO PER MILE OF LINE з 209 OHMS 


© 
à 
e 
E: 
NS 


>) e) 
observed resistance — 14.6 „,, 
calculated. resistance — 4.96 

Hence in this circuit it would seem that there must be losses 
other than those in the copper conductors amounting to 
1945¢ of the copper losses. 
The spacing of the conductors is 22 feet. This gives a 
calculated value of characteristic resistance of 
, log 2. KRE РЕ, 


"2p M | С 
Z, = 276 Og. zb xX ш ere 8.28 ohms 


630 Boddie: Telephone Communication Over Power Lines 


Z, observed 850 
2. calculated 828 

Similar tests were run on the same conductors at 
49.3 Кс. and are plotted in Fig. 29. The characteristic resis- 


— 102.5% 


tance Z, = 830 ohms. The attenuation ratio is : —.95 


1 
— e-*x, The attenuation constant is а — .00858 from which 
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Fig. 35. 


the effective resistance is 14.2 ohms. The calculated value of 


= 10.15 which gives the calculated conductor resistance 
as 5.46 ohms. 

observed resistance 14.2 
calculated resistance 5.46 
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TESTS ON Two 4 /0 COPPER LINES IN PARALLEL 


In Fig. 30 are shown data for a circuit consisting of 
wires 1 and 4 in parallel as one side of the circuit, and wires 
Запа 6 in parallel as the other side or return. The сһагас- 
teristic impedance Z, — 440 ohms. The attenuation ratio is 


p= .95. The circuit is the same as shown in Fig. 27 sup- 
1 


ported on steel towers with 4/0 copper conductors and is 
six miles long. The attenuation constant is .00858. The 
effective resistance per mile of circuit is 
R = 2a Z, = 2 X 00858 X 440 = 7.55 ohms 
The resistance of one of the circuits alone would be 
2X 7.55 — 15.1 ohms per mile of single circuit. 

This corresponds to the previous data giving 14.6 ohms per 
mile. The test was made at 47,500 cycles. The data is not 
sufficiently accurate to draw exact conclusions as regards 
the resistance of wires in parallel. A very slight error in 
the value of Z, makes an appreciable change in the attenua- 
tion ratio on so short a line, and therefore gives a different 
value of calculated resistance. 

Fig. 31 gives similar data on the same line except that 
the test was made at 64,500 cycles. The characteristic resis- 


tance is 465 ohms. The attenuation ratio E —.95. The 


1 
attenuation constant is as before .00858. The value of cir- 
cuit resistance per mile is 
R = 2а Z, = 2 X .00858 X 465 = 8.0 ohms. 
This makes the resistance of each circuit by itself 
2X 8—16 ohms, which is in general agreement with the 
previous data. 

From these data it is evident that the resistance of one 
mile of 4/0 copper conductor lies between 14.6 and 16.0 
ohms per loop mile depending upon the frequency. The re- 
sistance per mile of one wire is therefore 7.3 ohms to 8.0 
ohms, and we may use these values in future calculations 
with confidence. 


GROUND RETURN CIRCUIT 


There has been considerable discussion regarding the 
relative merits of a line having complete metallic circuit 
and a line with ground return. In making measurements on 
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ground return circuits employing the usual methods, ser- 
ious errors have been introduced, and wrong conclusions 
drawn. Even with reasonable precautions using improved 
methods of measurement, erroneous conclusions are likely 
to be drawn from test data unless due allowances are made 
for the resistances of the ground stake at both the sending 
and receiving end. In most test data on ground return cir- 


CHARACTERISTIC IMPEDANCE AWO ATTENUATION RATIO 
2,493 CONDUCTORS IN PARALLEL TO GROUND 
CONDUCTORS ARE еф – 18 STRANO COPPER 

LENGTH OF LINE в 6 MILES 

TEST FREQ. SƏ K.C. 


Zo» 3/5 onms $'2852c777 
ATTENUATION CONSTANT £= .03/ 
RES. PER MILE OF LINE R= 24€ Го" 2X.03/K 8/5: [95 ONMS 


RES. PER MILE OF 2- % WIRE IN PARALLEL a ЖУ ONMS 
RES. OF GROUND PER MILE OF CIRCUIT 
t 


cuits the effect of ground stake resistance has been entirely 
neglected. By taking these details into account and calcu- 
lating the circuit resistances according to the preceding 
method, considerable interesting information is brought to 


light. 
ONE CONDUCTOR TO GROUND 


In Fig. 32 are shown the data on a sixty-mile circuit 
having ground return. The conductor is 397,500-cir. mil. 
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aluminum cable. The measurements plotted in the figure 
apply to the case where only one conductor was used, the 
remaining conductors being insulated at both ends. The line 
construction is the same as shown in Fig. 23. The test 
was run at 66 kilocycles. The curves as plotted have been 
corrected for ground stake resistance at both ends. The 


CHARACTERISTIC RES AND ATTENUATION 
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Fig. 37. 


characteristic resistance is found to be Z, — 630 ohms. The 


attenuation ratio = 26 = €** from which we get the 
1 


attenuation constant a = .0225, the length of the line x 

being 60 miles. The effective resistance per mile of circuit is 
R = 2aZ, = 2 X .0225 X 630 = 28.4 ohms 

This is the total resistance per mile including all losses. 

The resistance of the cable used in this test was previously 

determined as in Fig. 22 to be 15.7 ohms per lcop mile. The 
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I5. — 7.85 ohms. Sub- 
tracting this from the total resistance per mile of circuit 
we get 20.6 ohms as the resistance per mile, excluding the 
resistance in the metallic conductor, and also the dielectric 
and radiation losses associated with it. This 20.6 ohm re- 
sistance per mile must therefore represent the resistance 
per mile of ground return path. 

The existence of a definite measurable resistance in the 
ground per mile of line is in striking contrast to the ideas 
commonly held regarding ground resistance in general. It 
is generally believed that the resistance of the ground part of 
a ground return system is so low as to be negligible in com- 
parison with the conductor resistance of the line. The only 
resistances regarded as of practical importance are those 
occurring at the ground stakes or at whatever point the cir- 
cuit makes contact with the ground. For direct current and 
for 25 or 60 cycles this view is admitted to be correct. The 
low ground resistance in the case of d-c. or power frequen- 
cies is due to the ground currents spreading out over enor- 
mous areas after the current once really enters the ground. 

At high frequencies such as those under which the ac- 
companying tests were made, the ground resistance seems 
to be very appreciable and to have a rather definite value. 
The fact that the ground does present a resistance of ap- 
proximately 20 ohms per mile of circuit, indicates that the 
ground current does not spread out over a very wide area. 
If we assume that the ground resistance per foot cube is 
250 ohms, then the cross sectional area of the ground path 
which gives a resistance of 20 ohms per mile is 66,000 
square feet. That is, if the current were uniformly distrib- 
uted under the line over a strip 1000 feet wide and a depth 
of 66 feet, the resistance would be 20 ohms per mile. It is 
not intended to convey the idea that the current is uniformly 
distributed, but merely to suggest the order of magnitude of 
the cross sectional area of the ground return path. The 
actual current density is greatest at the surface and imme 
diately under the line. The density falls off ravidly with the 
depth and somewhat less rapidly with the width. The analy- 
sis of current distribution in the ground is a problem 
similar to skin effect on conducting wires, the density being 
greatest at the surface. 


resistance per mile of one wire is 
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Two CONDUCTORS IN PARALLEL TO GROUND 
In Fig. 33 is given results of a test made on the same line 


as in Fig. 32 except that the two outside conductors are con- 
nected in parallel. The characteristic impedance Z, = 885 
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ATTENUATION CONSTANT & = 0404 
RES. PER MILE OF LINE Re PX Zo "P x 0404 x /72 = /3.7 OHMS 
RES OF 4-66 COPPER CONDUCTORS IN PARALLEL = / 8 OHMS 
RES INGROUND PER MILE = 11-9 OHMS 


2 
IN PERCENT 


“ЕГЕТЕ 
„ле А 
л р ы 


Н TII | 


тишинин 


Fig. 38. 


R=20Z,— 2 X .0277 X 335 =18.5 ohms 


SEVLLLLLLLELLEA 


ohms. The attenuation ratio is а .19 = e** which gives 


the attenuation constant a = .0277. The effective resistance 
per mile of circuit is 


The resistance of two 397,500-cir. mil aluminum conductors 
in parallel is 3.92 ohms. Subtracting this from the total of 
18.5 ohms we get 14.6 ohms as the resistance chargeable to 
the ground return per mile of circuit. 

It is of considerable interest to note that the resistance 
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of the ground return path is less when two conductors are 
used in parallel, than with a single conductor. 


TESTS ON DOUBLE CIRCUIT 4/0 COPPER LINE 
ONE WIRE TO GROUND 


In Fig. 34 are given the results of a test made on one 
conductor of a double circuit line shown in Fig. 27. The 
conductors are 4/0 19 strands copper. The length of the 
line is 6 miles. One of the bottom conductors indicated as 
No. 3 was connected to ground, while all other conductors 
were open at both ends. The test is similar to that shown 
in Fig. 32. The test frequency was 48 ke. The character- 
istic resistance Z, — 520 ohms. The attenuation ratio is 
a —.85—e€** which gives the attenuation constant 

1 
a= .0271. The effective resistance per mile of line is 
R= 2aZ, = 2 X .0271 X 520 = 28.2 ohms 
The resistance per mile of one 4/0 copper conductor is 7.3 
ohms which leaves 20.9 ohms as the resistance chargeable 
to the ground return. 

Fig. 35 is a test similar to Fig. 34 except that the test 
frequency is 66.8 kilocycles. The value of Z, is 510 ohms 
and the attenuation ratio а = ‚885 =e**, The attenuation 

1 
constant a is .0301 and the resistance per mile of line is 
R= 2aZ, = 2 X .0801 X 510 = 30.7 ohms 
Subtracting 7.3 ohms for the copper conductor we have 23.4 
ohms as the resistance per mile of ground return. 


Two CONDUCTORS IN PARALLEL TO GROUND 


In Fig. 36 are given test data on the same line as Fig. 35 
except that conductors number 1 and 8 are connected in 
parallel. The frequency is 59 kc. The value of Z, is 315 


ohms. The attenuation ratio Е —.83. The attenuation 


constant a= .031. The resistance per mile of line is 
R = 2а2, = 2  .081 X315 — 19.5 ohms 
Subtracting 3.7 ohms, the resistance of two 4/0 wires іп 
parallel leaves 15.8 ohms as the resistance per mile of 
ground return. This result compares with 14.6 ohms in Fig. 
33. 
In Fig. 37 are given the results of a test similar to Fig. 
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36, except that the test frequency із 48 kc. The value of 


Z, is 280 ohms. The attenuation ratio is Е —.805. The 
attenuation constant is .0362. The resistance of the circuit 
per mile is 


R=2aZ,=2 x .0862 X 280 = 20.2 ohms 
Subtracting 3.65 ohms as the resistance of two conductors 
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in parallel we get 16.5 ohms as the resistance per mile of 


£round return. This compares with the value of 15.8 ohms 
in Fig. 36. 


FOUR CONDUCTORS IN PARALLEL TO GROUND 


In Fig. 38 are given the test data on the same line as in 
Fig. 37, except that conductors 1, 3, 4 and 6 are tied in 
parallel to ground. The test frequency is 47.5 kc. The 
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characteristic impedance Z, — 170 ohms. The attenuation 


ratio = ‚785 = e-**, The attenuation constant a = .0404. 
1 


The resistance per mile of line is 

R = 2aZ, =2 X .0404 X 170 = 13.7 
The resistance of four 4/0 conductors in parallel is 1.8 ohms. 
Subtracting this from the total gives 11.9 ohms per mile as 
the resistance of the ground return. 


SIX CONDUCTORS IN PARALLEL TO GROUND 


In Fig. 39 are given the results of a test similar to Fig. 
31, except that all six conductors are tied in parallel to 
ground. The value of the characteristic impedance is Z, — 
140 ohms. The attenuation ratio A = .79 —e**, The at- 
tenuation constant a= .0892. The resistance per mile of 
line is 

R = 2а2, = 2 X .0892 X 140 = 11.0 ohms 
The resistance of six 4/0 copper conductors in parallel is 
1.2 ohms. Subtracting this from the total gives 9.8 ohms as 
the resistance per mile of ground return. 


DISCUSSION OF RESULTS 


It will be noticed that the ground resistance indicated by 
the preceding tests is progressively less each time conduc- 
tors are added in parallel. The explanation of this is not 
clear at present as it would seem that the ground resistance 
should remain substantially constant. 

In making these tests it will be remembered that all 
wires not included in the tests were open at both ends. It 
has been suggested that currents are induced in these idle 
conductors and that the losses in these appear as added 
resistance in the circuit under test. Such losses of course 
are not chargeable against ground resistance. 

This explanation is not tenable since it can be shown 
that no currents flow in a wire paralleling an energized 
wire provided it is insulated throughout and open at both 
ends. 

Although the interpretation of the results applying to 
ground return circuits may be open to question so far as the 
actual magnitude of the ground resistance is concerned, the 
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data would seem to establish beyond question the fact that 
the ground does have a very definite resistance per mile 
and that this resistance is comparable with the resistance of 
the conductors. It is this ground resistance which makes 
the attenuation of a ground return circuit higher than for 
a metallic circuit. This attenuation, however, is not nearly 
so great as is generally supposed. 

Studies on power lines at high frequencies such as the 
foregoing are of value entirely aside from the question o! 
communication. For example, the values of characteristic 
impedance, attenuation in metallic and in ground return cir-: 
cuits have immediate application in the study of many 
problems which arise from switching surges and lightning 
protection. The methods here developed in the analysis of 
antenna coupling may be used to calculate the reduction of 
induced potential due to the presence of ground wires above 
a power line. 

The reactions taking place in the ground portion of a 
ground return circuit are similar to those taking place on 
the ground side of an advancing radio wave. А further 
study of ground return circuits may throw considerable 
light on radio phenomena. 


SUMMARY 


Communication is a matter of vital importance in the . 
operation of large power systems. The difference between 
ordinary wire communication and communication over high 
voltage power lines is discussed. The necessity for using 
energy levels greatly in excess of that commonly used on 
ordinary wire lines is indicated. The importance of 
selecting and utilizing only those circuit elements which are 
inherently stable is discussed. The surerior stability of the 
two frequency system of duplex is brought out. А standard 
250-watt communication equipment is described in detail. 
The great value of the heterodyne principle for calling is 
noted. The theory of antenna coupling is developed begin- 
ning with elementary principles. Several numerical exam- 
ples are given to show the application of the theory. It is 
shown that the efficiency of antenna coupling is quite high 
contrary to the general opinion prevailing at present. A 
brief description of the propagation of high frequency 
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currents over wires together with some of the principal 
equations is given. Tests are given which show a close 
agreement with accepted line theory. A simple method of 
determining line characteristic resistance and method of 
determining the effective line resistance is described. This 
method is applied to ground return. circuits and discloses 
the existence of considerable resistance per mile in the 
ground return path. 


MEASUREMENTS ОЕ RADIO FREQUENCY 
AMPLIFICATION 


BY 
SYLVAN HARRIS 


The need for a simple and accurate method of measuring 
radio frequency amplification and for studying the over-all 
characteristics of radio receivers is urgent, and it is hoped 
that the work described in this paper may help somewhat to 
fill this need. Many investigators have made measurements 
of "gain-per-stage" of radio frequency amplifiers, and in all 
cases which have come to the attention of the writer, such 
measurements required а knowledge of the values of input 
and output voltages. 

Due to the difficulty of measuring voltages of the order 
of a few microvolts, the voltage impressed on the state under 
consideration in these various measurements, was generally 
far above the value of the radio frequency voltages en- 
countered in radio receivers. In one instance,' the impressed 
voltage was obtained as an inductive drop in a short straight 
wire surrounded by a concentric return conductor. The 
voltage was computed from the current flowing in the 
wire and the inductance of this wire. Although measure- 
ments made by this method agreed, as to order of mag- 
nitude, with computed values, there is no means of deter- 
mining the accuracy of the method. Furthermore, this 
method was applied to a radio frequency amplifier in which 
the gain-per-stage was great, so that small errors would not 
be noticeable. 

Some experimenters have been in the habit of attempting 
to measure the gain in an isolated stage, that is, a stage not 
connected to other stages, as is the case in radio receivers. 
Such measurements do not give any fair idea of the actual 
gain, for, due to reaction of the other stages, it may be much 
different from the values so obtained. Especially is this true 
^A. W. Hull, Phys. Rev. Vol. 27, No. 4, page 442, 
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of amplifiers in which there is regeneration present, even 
when totally shielded. 
The advantages of the method described in this paper 
may be summarized as follows: 
(a) the measurements are independent of the values of 
the input and output voltages; 
(b) the measurements are made on the stage in question 
while actually in a radio receiver, under actual operating 
conditions; 
(c) no connections are made to the stage in question for 
purposes of measurement, excepting a switch for cutting 
this stage in and out of the amplifier; 
(d) no special apparatus is required for making the 
measurements other than that usually found in radio lab- 
oratories. 
The method may be explained as follows: Consider a 
completely shielded radio receiver having three stages in 
the radio frequency amplifier, a detector, and an audio fre- 
quency amplifier. Then let 
K, be the gain in the first radio-frequency singe 
K, be the gain in the second radio-frequency stage 
К, be the gain in the third radio-frequency stage 
K, be the detector constant 
K, be the gain in the audio-frequency amplifier | 
e be the alternating voltage impressed at the input ter- 
minals of the receiver. 

V, be the voltage output of the receiver when all the stages 
are used. 

V, be the voltage output of the receiver when the second 
stage is omitted. 

When all the stages are connected in, assuming the 
square law of the detector, the output voltage of the re- 
ceiver is 

V,—(eK,K,K,) Ka Ka (1) 
When the second stage of the radio frequency amplifier is 
omitted, this becomes 
V,—(eK,K,) Kak (2) 
The ratio of these two expressions ес; as the gain in the 
second r. f. stage 
У, 
V. (3) 


In order to obtain values for V, and V,, a non-inductive 


K,— 
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voltage-divider of about 20,000 ohms was connected to the 
output of the receiver, as shown in Figure 1. The remainder 
of the circuit of Figure 1 shows a vacuum tube voltmeter 
having in its output circuit an audio transformer, carbor- 
undum crystal rectifier, and a microammeter. This arrange- 
ment was adopted on account of its great sensitivity and 
convenience in operating. 

A "datum" indication of the microammeter is selected, as 
will be explained later, all measurements being taken with 
this same deflection. Let this deflection correspond to a 
voltage input to the vacuum tube voltmeter of v,, as indi- 
cated in Figure 1. The output voltage of the receiver will 
then be 


Vo — . (4) 


in which r is that portion of R, across which the voltage 
drop must be taken in order that the microammeter regis- 


Figure 1 


ter the “datum” deflection. By using this arrangement the 
measurements are made independent of the characteristics 
of the vacuum tube voltmeter, and associated apparatus, 
since a completely modulated radio frequency supply is used, 
the modulation frequency being constant. 

Letting r, be the value of r when the stage under ques- 
tion is connected in, and r, the value when the stage in 
question is cut out, equation (3) becomes: 


K,— ү: (5) 


In making the measurements а low power driver was 
used which supplied radio frequency power completely 
modulated at 60 cycles per second. The measurements were 
made in a Sheet-iron booth, and the receiver itself was com- 
pletely shielded, over-all and between stages. Only one wire 
was led into the booth from the river, the sheet-iron which 
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formed the booth acting as the return circuit. The driver 
was located outside the booth, and delivered power to a small 
coil located in a copper box fastened on the outside of the 
booth. This coil acted inductively on another small coil, and 
between the two coils was a sliding copper “door”; by slid- 
ing this door the amount of power delivered by the coil con- 
nected to the driver to the other coil, connected to the re- 
ceiver input, was regulated. In making the measurements 
care must be taken that the detector is not “overloaded.” 
The “datum” indication is obtained by observing the 
smallest deflection of the microammeter that can be read 
accurately when the weakest signal voltage is impressed on 
the input of the receiver with the stage in question cut out, 
and the voltage divider set at maximum. To measure the 
gain of that stage, it is then switched into the receiver, and 
the voltage divider adjusted until the datum deflection is 


fo ъмуе 
divider 


Figure 2 


obtained again. Eq. (5) then gives the gain in that stage 
(where 7,—Е). 

In plotting curves of gain against frequency the datum 
deflection that is used for each measurement is unimportant; 
the only requirement is that the detector stage be not over- 
loaded. In order to obtain a check on the method and at the 
same time determine when overloading of the detector 
occurs, another vacuum tube voltmeter, followed by an 
audio frequency amplifier, was connected to the input of the 
receiver, as shown in Figure 2. On account of the fact that 
the input voltage required at the set is so small and it is 
difficult to obtain an amplification in this. amplifier of the 
same order of magnitude as that which the receiver fur. 
nishes, a resistance of 10,000 ohms was interposed between 
the receiver input and the points at which the second vac- 
uum tube voltmeter was connected. In later measurements 
this resistance was replaced by a small condenser, simulat- 
ing the capacity of an antenna. 

This vacuum tube voltmeter and amplifier serves as a 
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device for measuring the input voltage. The double-throw 
switch enables the voltage divider to be connected either to 
the input measuring system or to the output of the receiver. 
Assuming a square law in the receiver, and a square law 
vacuum tube voltmeter at the input, the relation between the 
settings of the voltage divider when the switch is thrown 
first in one direction and then in the other, should be 
linear. Or, using the subscript і to indicate input measure- 


(€ 
cvrmorí(t/ 


3 т; E 
ИРИ? ( "y 


Figure 3 


ments and apparatus, and the subscript o for the output 
measurements, other symbols remaining the same: 


R Vo == e Ka Kai 


Ti 
Roy o 
or , q^ — (6) 
E Ka; Ka 
Likewise, 
R p= ( e K, K, K,) Ka Ky 
К ол, 
т о „_ T, (Т) 
m (K K, K, ) . K,. К, 
Equating these and reducing: 
T, — а constant xr, (8) 


Figure 3 illustrates this relation; it is a curve obtained 
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at constant frequency, the input voltage varying. It is lin- 
ear for voltages up to the point of overload of the detector 
in the receiver. The same curve has been plotted in Figure 4, 
this time taking the square-root of the “input” values. Plot- 
ted to logarithmic coordinates, this curve is likewise linear 
up to the point of overload of the detector, and has a slope 
very close to 2, as would be expected from the law of the 
detector. Figure 4 then, is the response curve of the receiver 
at constant frequency, varying input voltage. Figure 5 is the 


Figure 4 


gain-frequency curve of a stage in an experimental receiver. 

The same set-up can be used to study the over-all char- 
acteristics of radio receivers, at various frequencies, and at 
constant input voltage. The vacuum tube voltmeter is then 
used only to indicate the constancy of the input voltage. The 
over-all gain of the receiver is given by 


R 
—V, 


To Em 
Кт = -—————= Q constant x vri (6) 


К Е To 
E c | 
Kay Kai 


Keeping the input voltage constant, represented by r, in eq. 
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(2), the amplification of the receiver is inversely propor- 
tional to 7,. Such a curve of an experimental receiver is 
shown in Figure 6. 

This method has also been used by the writer for deter- 
mining the detection coefficients of detectors. In measure- 
ments of this kind, as also in obtaining curves like that in 
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Figure 5 


Figures 3, 4 and 6, the actual values obtained аге arbitrary, 
but with a careful set-up conditions can easily be repro- 
duced and the same datum used each time a set of measure- 
ments is taken. All the measurements will then be reduced 
to a common basis, affording an easy means of comparison. 
If it is desired the vacuum tube voltmeter at the input 
may be calibrated, and the amplification of the audio fre- 
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quency amplifiers сап be determined. But this will lead to 
difficulties which this method seeks to avoid. 

In conclusion, it may be stated that the only serious dif- 
ficulty in making these measurements is the avoidance of a 
"noise level" which, in the present work, was sometimes 
greater than the original signal strength used to determine 
the *datum". The noise level was mainly due to vibrations 
of the building. Its effect on the accuracy of the measure- 
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ments was appreciable only when using the weakest input 
voltages. In figure 3, for example, it was difficult to obtain 
points оп the curve below R 7/7, = about 20 in the daytime, : 
so much of the work was done at night when the shaking 
of the building was the least. 

SUMMARY—A method of measuring radio frequency 
amplification in radio receivers is presented. It applies ac- 
curately only to non-regenerative receivers, to the receivers 
in which regeneration is not very pronounced. The set-up 
described in the paper can be used without change for study- 
ing the gain-per-stage, the over-all characteristics of a re 
ceiver, and detection co-efficients of electron tubes. The 
method has the advantage that the measurements do not 
require a knowledge of the actual values of the voltages, 
and do not require the removal of a stage in question from 
the receiver. The measurements are made with the stage or 
the complete receiver under actual operating conditions. 


BOOK REVIEW | 
Alternating Current Rectification and Allied Problems, 


by L. В. W. JOLLEY. JOHN WILEY & SONS, INC., SECOND 
EDITION. 472 -+ XXII Pages, 340 illustrations. Price $6. 


This volume, of English origin, gives a nearly complete 
resume of European systems of alternating current rectifi- 
cation and includes details of many American appliances as 
well. Besides the commonly known types (such as rotary 
and vibrating mechanical rectifiers, mercury vapor systems, 
thermionic devices and gas filled tubes) many of the lesser 
known devices are described as well. To any one who does 
not follow current literature of European countries many of 
the latter may appear new and several would seem to offer 
much promise for further investigation. 

The book is hardly complete in the matter of recent 
American practice, since several of the popular radio recti- 
fiers have been neglected, such as the full wave filamentless 
tubes, cuprous oxide rectifier plates, magnesium plate rec- 
tifiers and the like. The date of the second edition preface 
(June, 1926) follows the introduction of these devices in 
this country by a considerable time. On the other hand some 
details of a type of paste rectifier recently popularized here, 
following the discoveries of Andre', (as a cartridge type of 
rectifier for trickle charger work) are included. 

In this age of super-power, alternating current has 
forged ahead, mainly due to the ease of obtaining the neces- 
sary high voltages, in spite of many disadvantages that are 
inherent with the a. c. system. While an outline of the most 
plausible methods of rectification with the ultimate view of 
converting large amounts of power to potentials of hundreds 
of kilovolts is of interest primarily to the power engineer, 
the methods are of interest to the radio engineer as well. 
Indeed, it seems that the majority of the systems originated 
as a solution to radio problems. All types described have 
been used by radio engineers. 

The book is written in a popular style, although the gen- 
eral description of each system and the detailed account of 
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the outstanding problems are followed by a mathematical 
study of the theory. In general the formulae given are com- 
plete and final and do not involve mathematics higher than 
algebra and trigonometry. An excellent bibliography ap- 
pears at the end of each section, comprising some seven hun- 
dred items in all, from over seventy periodicals as well as 
a number of text books. Whenever a particular paper listed 
in these bibliographies also appears in “Science Abstracts” 
the file reference to this periodical is also given. The reader 
might be saved a little time in looking up these references if 
the tabulation of the particular subject contained therein 
were a little more specific. 

A special section has been included in this edition, to the 
listing of the sources of power for broadcast receivers and 
an analysis of the advantages and disadvantages of all 
methods are discussed. Other special sections include har- 
monic analysis, wave form measurements, inverters and 
the use of rectifiers in the field of measurements. 

“Alternating Current Rectification” is an excellent ref- 
erence book and should prove a valuable addition to the 
library of any radio engineer. | 

: R. R. Batcher. 
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(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,623,152—RADIO APPARATUS—A. M. YOUNG, of Brentwood, and N. W. 
SIMPSON, of Bolton, England. Filed June 12, 1922, issued "Apr. 5, 1927. 
Assigned to Radio Corp. of America. 
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and G. MOORE, of Milwaukee, Wis. Filed Sept. 24, 1924, issued Apr. 
5, 1927. A issued to Radio Corp. of America. 


1,623,563—ELECTRICAL CONDENSER—G. Е. A. STONE, London, England. 
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—D. R. LOVEJOY, of New York City. Filed Oct. 16, 1926, issued Apr. 
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Westmount, Quebec, Canada. Filed Mar. 7, 1924, issued Apr. 5, 1927. 


1,623,745— TRANSMITTING SYSTEM FOR RADIANT ENERGY—A. Е. MUR- 
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to John Hays Hammond. 


1,623,918—RADIO RBCEIVING APPARATUS—A. H. GREBE, Hollis, N. Y. 
Filed Dec. 17, 1924, issued Apr. 5, 1927. 


1,623,966—RADIO TRANSMISSION SYSTEM—P. S. CARTER, New Bruns- 
wick, N. J. Filed June 25, 1923, issued Apr. 12, 1927. Assigned to Radio 
Corp. of America. 


1,623,005—METHOD OF RADIO SIGNALING—M. OSNOS and L. KASAR- 
NOWSKY, Berlin, Germany. Filed Jan. 12, 1923, issued Apr. 12, 1927. 
Assigned to Gesellschaft fur Drahtlose Telegraphie. 


1,624,006—CIRCUIT ARRANGEMENT FOR HIGH FREQUENCY SENDING 
STATIONS—M. OSNOS, Berlin, Germany. Filed Feb. 12, 1923, issued 
Apr. 12, 1927. Assigned to Gesellschaft fur Drahtlose Telegraphie. 


1,624,148—SIGNAL RECEIVING CIRCUITS—E. L. POWELL, Washington, 
D. C i Filed Mar. 6, 1926, issued Apr. 12, 1927. Assigned to Wired 
о, Inc. 


1,624,185— WIRELESS RECEIVING CIRCUITS—H. J. ROUND, London, Eng- 
land. ees May 21, 1923, issued April 12, 1927. Assigned to Radio Corp. 
of America. 


1,624,201—-RADIO SIGNALING—C. S. AGATE and Р. W. WILLANS, 
Chelmsford, and London, England, respectively. Filed Sept. 28, 1921, 
issued Apr. 12, 1927. 


1,624,208—HIGH FREQUENCY SIGNALING—P. M. J. BOUCHEROT, Paris, 
France. Filed Aug. 29, 1921, issued Apr. 12, 1927. 


1,621,215—RADIO SIGNALING SYSTEM—G. Н. CLARK, Brooklyn, N. Y. 


Filed June 27, 1922, issued Apr. 12, 1927. Assigned to Radio Cee of 
Мын: 


1,624,332—ELECTRICAL CONDENSER—P. E. GILLING, East Orange, N. J. 
Filed Feb. 23, 1925, suca Apr. 12, 1927. 
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1,624,333—ELECTRICAL CONDENSPRS—P. E. GILLING, East Orange, №. J. - 
Filed Mar. 13, 1925, issued Apr. 12, 1927. 


1,624,334—ELECTRICAL CONDENSER—P. E. GILLING, East Orange, М. J. 
Filed Mar. 13, 1925, issued Apr. 12, 1927. 


1,624,451—VACUUM TUBE—H. W. WEINHART, Elizabeth, N. J. Filed Apr. 
9, 1921, issued Apr. 12, 1927. Assigned to Western Electric Co. 


1,624,459—_SHIELDING AND BALANCING MEANS—W. J. ADAMS and A. 
HA ADDOCK, of Irvington, N. Y., and East Orange, N. J. respectively. 
ae Dec. 20, 1920, issued Apr. 12, 1927. Assigned to Western Electric 


1,624,473—HIGH FREQUENCY SIGNALING SYSTEM--L. M. CLEMENT, 
New York, N. Y. Filed Dec. 8, 1921, issued Apr. 12, 1927. Assigned to 
Western Electric Co. 


1,624,537—OSCILLATION GENERATOR—E. Н. COLPITTS, East Orange. 
х. T asd Feb. 1, 1918, issued Apr. 12, 1927. Assigned to Western 
ectric Co i 


1,624,562—ELECTRON DISCHARGE DEVICE—V. L. RONCI, Brooklyn, N. Y. 
а Dec. 18, 1923, issued Apr. 12, 1927. Assigned to Western Elec- 
tric Co. 


1,624,672—COMMUNICATION SYSTEM—H. W. O'NEILL, Eimhurst, М. Y. 
Filed Dec. 17, 1924, issued Apr. 12, 1927. Assigned to Western Electric Co. 


1,624,673—METHOD OF AND MEANS FOR RADIO COMMUNICATION—A. 
E. PAIGE, Philadelphia, Pa. Filed Apr. 19, 1922, issued Apr. 12, 1927. 


1,624,991 — RADIO TELEGRAPH AND TELEPHONE SYSTEM - C. 
SE IE of Cherrydale, Virginia. Filed Jan. 29, 1921, issued Apr. 


1,624,966—AMBULATORY REPEATING SYSTEM--ROBERT W. MORRIS. 
of Roslyn, New York. Filed Aug. 25, 1923, issued Apr. 19, 1927. Assigned 
to American Telephone & Telegraph Co. 


1,625,296—-METHOD OF AND MEANS FOR MODULATING SIGNALING 
CURRENTS—EMORY LEON CHAFFEE, of Belmont, Mass. Filed Aug. 
2, 1922, issued Apr. 19, 1927. 


1,625,445—STATIC ELIMINATOR—J. ASTROM, et al, of Fort Wayne, In- 
diana. Filed Mar. 16, 1925, issued Apr. 19, 1927. 


1,625,504—CONVERTER OF ELECTRIC CURRENT—F. G. SIMPSON, of 
Seattle, Washington. Filed July 6, 1926, issued Apr. 19, 1927. 


1,625,776-—ELECTRON-EMITTING CATHODD AND PROCESS OF PREPAR- 
_ING THE SAME—FREDERICK HOLBORN, of Hoboken, New Jersey. 
окиб, Jan. 14, 1926, issued Арг. 19, 1927. Assigned to Hazeltine Cor- 
poration. 


1,626,464—PORTABLE RADIO APPARATUS—W. М. HEINA, Bronx, New 
York. Filed Sept. 16, 1926, issued Apr. 26, 1927. Assigned to Heina 
Radio Corp. 


1,626,526-—CON DENSER—G. A. GILLEN, Jersey City, N. J. Filed May 7. 
1924, issued Apr. 26, 1927. Assigned to Gillen, Kimmey Baker Syndi- 
cate, Inc. 


1,626.537—VARTABLE CONDENSER—B. JIROTKA, Berlin, Germany. Filed 
Apr. 15, 1926, issued Apr. 26, 1927. Assigned to the Firm, Dr. Otto 
Sprenger. 


1,625,822—RADIO RECEIVER AND TROUBLE ALARM-—R. К. POTTER. of 
New York. Filed July 15, 1926, issued April 26, 1927. Assigned to 
American Telephone & Telegraph Co. 


1,625,823—RADIO RECEIVER AND TROUBLE ALARM—R. К. POTTER, of 
New York. Filed July 15, 1926, issued Apr. 26, 1927. Assigned to 
American Telephone & Telegraph Co. 


1,625,996—ELECTRICAL APPARATUS—L. О. GRONDAHL, of Pittsburgh. 
and Harry M. Ryder, of Forest Hills Borough, Pennsylvania. Filed Nov. 
3. 1923. Assigned to The Union Switch & Signal Company of Swiss- 
vale, Pa. 


1,626,030—SPARK GAP DEVICE—J. Н. EASTMAN, Detroit, Michigan. Filed 
May 17, 1926, issued Apr. 26, 1927. 

1.626.239— R EC EIVING CIRCUIT—L. D. KELLOGG, Deerfield, Illinois, Filed 
Oct. 6, 1922, issued Apr. 26, 1927. Assigned to Kellogg Switchboard and 
Supply Co. 
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1,626,356—FIXED CONDENSERS—L. T. RHOADES, Mont Clare, Pa. Filed 
Apr. 20, 1925, issued Apr. 26, 1927. Assigned to New York Coil Co. 


1,626,370—RADIO RECEIVPR—H. Е. WORNER, Philadelphia, Pa. Filed 
Aug. 21, 1924, issued Apr. 26, 1927. 


1,626,391—_VARIABLE AIR CONDENSER—A. D. CARDWELL, Rockville 
Center, N. Y. Filed Sept. 26, 1922, issued Apr. 26, 1927. Assigned to The 
Allen D. Cardwell Mfg. Corp. 


1,626,449—AUTOMATIC ANTENNA REGULATION—W. W. BROWN, Sche- 
nectady, N. Y. Filed Dec. 29, 1925, issued Apr. 26, 1927. Assigned to 
General Electric Co. 


1,626,634— ELECTROSTATIC RADIOTUNER—J. SLEPIAN, of Swissvale, Pa. 
Filed Aug. 3, 1921, issued May 3, 1927. Assigned to Westinghouse Elec- 
tric & Manufacturing Co. 


1,626,684—CONDENSER-—R. E. MARBURY, of Wilkinsburg, Pa. Filed Oct. 
1, 1923, issued May 3, 1927. Assigned to Westinghouse Electric & Manu- 
facturing Co. 


1,626,685—ACTIVATION BY MEANS OF HYDROGEN FREE, CARBON 
" BEARING GAS—J. W. MARDEN, of East Orange, THOMAS Р. THOMAS 
and J. E. CONLEY, of Bloomfield, М. J. Filed Apr. 10, 1923, issued May 

3, 1927. Assigned to Westinghouse Electric & Manufacturing Co. 


1,626,6499—RADIO TRANSMISSION SYSTEM—H. SCHIEFERSTEIN, of 
Charlottenburg, Germany. Filed Oct. 31, 1921, issued May 3, 1927. 
Assigned to Westinghouse Electric & Manufacturing Co. 


1,6626,01224—FREQUENCY CONTROLLING SYSTEM—C. S. DEMAREST, of 
Ridgewood, N. J., and M. L. ALMQUIST, of Brooklyn, N. Y. Filed Dec. 
31, me issued May 3, 1927. Assigned to American Telephone & Tele- 
graph Co. 


1,626,803—SELF CONTAINED RADIO RECEIVING UNIT-—J. S. FISHBACK, 
of Indianapolis, Ind. Filed Mar. 27, 1922, issued May 3, 1927. 


1,626,858—-VACUUM TUBE—H. E. METCALF, of San Leandro, Calif. Filed 
Feb. 28, 1924, issued May 3, 1927. Assigned to The Magnavox Co. 


1,627,127—DLECTRIC DISCHARGE DEVICE—J. H. THOMPSON, of Holli- 
days Cove, W. Va. Filed Mar. 18, 1925, issued May 3, 1927. 


1,627,231—DETECTOR AND METHOD OF CONTROLLING THE SAME— 
E. L. CHAFFEE, of Belmont, Mass. Filed Mar. 31, 1915, issued May 3, 
1927. Assigned to John Hays Hammond, Jr. 


1,627,411—ELECTRON RELAY—S. RUBEN, of New York, М. Y. Filed Oct. 
23, 1920, issued May 3, 1921. 


1,627,4933—ELECTRICAL CONDENSER—W. DUBILIEBR, of New Rochelle, 
N. Y. Filed Feb. 28, 1925, issued May 3, 1927. Assigned to Dubilier 
Condenser Corporation. 


1,627,707—RADIO SIGNALING SYSTEM—MARIUS LATOUR, of Paris, 
France. Filed Aug. 19, 1921, issued May 10, 1927. Assigned to Latour 
Corporation. 


1,627,592—RADIO APPARATUS AND CURRENT CONTROL DEVICH 
THEREFOR—P. A. CHAMBERLAIN, of Chicago, Ili. Filed Dec. 4, 1926, 
issued May 10, 1927. Assigned to Mohawk Corp. 


1,627,718—RADIO TPLEPHONY—P. WARE, of New York, №. Y. Filed Sept. 
3, 1921, issued May 10, 1927. Assigned to Ware Radio, Inc. 


Ке. 16,606—RADIO RECEIVING APPARATUS—H. Е. LOWENSTEIN and 
E. E. CLEMENT, Washington, D. C. Original filed Aug. 14, 1922; Re- 
issue Jan. 6, 1927, issued Apr. 26, 1927. Assigned to Edward F. Colladay. 


1,625,2343--RADIO APPARATUS—G. Е. WITTGENSTEIN, Zurich, Switzer- 
land. Filed Feb. 26, 1926, issued Apr. 19, 1927. 


1,625.330—RADIO CONDPNSER—A. S. PINKUS, New York City. Filed Apr. 
10, 1925, issued April 19, 1927. 


1,625,4095—LIGHT SENSITIVE CELL CONTROL CIRCUIT—T. W. CASE, 
Auburn, М. Y. Filed Jan. 11, 1923, issued Apr. 19, 1927. Assigned to 
Case. Research Laboratory, Inc. 
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Maine, Belfast, Box 296 .................. ....Leighley, H. M. 
Maryland, Cumberland, 504 Fifth St. .......... ..Sweitzer, Guy H. 
Massachusetts, Arlington, 12 Harvard St. ............. Pristas, John E. 
Beverly, 132 Dodge St. ............ ... Colby, Edw. B. 
Medford, 51 Central Ave. ............ Wyman, R. C. 
Michigan, Detroit, 5526 3rd St. ....... .s.s....... Alguire, L. W. 
Detroit, 5711 Wabash Ave. ......... .. Cash, Geo. B. 
Detroit, Station WAFD, Addison 
Hotel Vi tO EA qa REN а eee .. Lathrop, Fred A. 
Missouri, St. Joseph, 1810 Crescent Drive, ..... Abercrombie, J. B. 
St. Louis, 203 Pine St., ............... .. Croxton, G. B. 
Nebraska, Sidney, 307 Central Ave. ............. . Houge, Chas. A. 


New Hampshire, Manchester, 47 Amherst St. .......... .«Ryan, M. John 
New Jersey Camden, Victor Talking Mach. Co. ...Gray, J. Calvin 


Elizabeth, Box 81 RFD No. 2 ......... Hohner, ong 
Fanwood, North Ave. ................. Hall, C. 
Fanwood, ..................... ә... ‚Тода, Нала С. 
Ridgewood, 51 Highwood Ave. ... . Boyce, W. К. Jr. 
New York, Albany, 140 Grove Ave. ........ PPP “ahora: J. D. 
Arvene (L. I.), 6603 Blvd. ............. Gradinger, Archie 
Brooklyn, 1831 East 34th St. .......... Gruetzke, C. P. E. 
Brooklyn, 21 Vermont Ave. ........... Kent, C. W., Jr. 
Brooklyn, 2021 East 13th St. .......... McLaughlin, C. E. 
Brooklyn, 3523 Bedford Ave. .......... Siegel, Ralph 
Brooklyn, 5007 Sixth Ave. ......... ....Slepian, Edward 
Buffalo, 110 Waverly St. .............. Clark, Chas. W. 
Buffalo, 98 Cayuga St. ................ Hedtke, Edward 
Hamilton, Box 31, Colgate University . Dowd, Alfred 
Lynbrook (L. I. ) 4 Atlantic Ave. ...... Seidler, A. 
Mount Vernon, 14 North 9th Ave. ..... Dickely, Fred C. 
New York, 461 East 8th Ave. ......... ..Campbell, J. A 
New York, Radio Inspector, Sub- Trea- 

sury Bldg. ........................ Cochran, E. C. 
New York, care Postmaster, USS Wor- 

"I ENEMIES ERN Colvin, Ruel 
New York, 16 Arden St. ............... Fernancez, Edw. 
New York, 124 West 42nd St. ......... Heuschkel, Paul J. 
New York, 785 Home St. ............. Jablon, W. W. 
New York, 113 West 57th St. ......... LeRoy, Frank S. 
New York, 224 West 13th St. ......... Taylor, Jay L. 


Ozone Park (L. I.), 8605 95th Ave. а оа Chas. 
Richmond Hill (L. I.), 9419 127th St. .. Dowd, W. A. 


Rochester, 238 S. Goodman St. ....... .Erhart, V. J. 
Rochester, 762 Bay St. ............. . Friedler, D. P. 
Ohio, Cleveland, 2108 East 96th St. ......... Sherman, K. 
Cleveland, Radio Station МНК ....... Smith, S. E. 
Oregon, Portland, 109 East 42nd ............... La Salle-Dilley, L. 
Reedsport, Box S. P. ................. White, Е. I. 
Pennsylvania, Oil City, 122 Washington Ave. ......... Hahn, S. L. 
Philadelphia, 1533 Pine St. ............ Keyser, Chas. S. 
Philadelphia, 1533 rine St. ....... 2. McClair, R. 
Philadelphia, 4223 Osage Ave. ......... Waltz, УУ. W. 
Philadelphia, 5010 Catherine St. ...... Yost, John С. 
Texas,’ Ft. Worth, 1601 Enderly Place ........ Abey, Robt. E. 
бап Antonio, 1025 South Presa St. ..... Wall, L. D. 
Washington, Long View, Р. О. Box 5, 466 19th Ave. . Trotter, C. A. 
Seattle, 116 Fairview Ave. ...........* Ackerley, James 
Seattle, 703 25th Ave., М. W. .......... Blom, R. J. 
Seattle, 7708 Latona Ave. ............. Brandt, O. T. D. 
Seattle, 2049 IZ. Newton St. ........... Burleigh, John A. 
Seattle, 903 'Telepione Bldg. ......... Enden, Neal 
Seattle, 818 East 62nd St. ............. Flagler, R. Н. 
Seattle, 903 Telephone Bldg. .......... Smith, Oliver C. 
West Virginia, Chester, 325 3rd St. ................... Faudree, R. F. 
Wisconsin, Milwaukee, 1460 Eighth Ave. .......... Kazmierowsk'., J. J. 
Canal Zone, Balboa, Box 35 ....................... Young, J. W. 
Canada, Nova Scotia, Halifax, 158 Granville St. Baldwin, G. H. 
Nova Scotia, Halifax, USS Tampa ...O'Day, Arthur C. 
Ontario, Westhill, Station CJYC ..... Carment, J. M 
China, HMS Hermes, China Station ......... Marshall, J. A. 
Cuba, ТИЛИ: sees ad Y c e s ор Я Jones, Frank H. 
England Lincs., Skegness, Beam Radio Station Towers, Robt. 
Ireland, Waterford City, No. 21 Shortcourse ...Dunphy, Thos. О. 
Mexico, Mexico City, Jor Juana 119, ......... Veramendi, M. 


Tampico, Apartado 150 ............... Cordovg, Е. B. 


Рогїо Вїсо, 
S. W. Africa, 
Spain, 


California 


Illinois, 


Massachusetts, 


New York, 


Pennsylvania, 
Texas, 
Washington, 
Canada, 
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Ensenada, ...........- nn 2x s ssasc.DChel, R. Jr. 
Walvis Bay, Radio Station ............ Fitzgibbon, M. B. 
Madrid, Mejia Lequerica 4 ........... Moya, Miguel 

Junlors Elected 

Fresno, 1495 М. Van Ness Ave, ........ McKay, W. К. 
San Francisco, 790 Oak St. .......... ..Sphar, C. H. 
Chicago, 7327 Phillips Ave. ...........¢ Armstrong, H. W. 
Chicago, 1631 West 14th St. .......... Cohen, Theo. 
Deerfield, Radio Station WHT ........ Birkenhead, W. D. 
Rock Island, 1615 29% St. ............ Foley, Jack 
Boston, Jamaica Plains, 24 Beaufort 

Rda: ы килы елу ме vines Sanat ed ed Goodrich, В. В. 
Winthrop, 58 Circuit Rd. .............. Colton, H. C. 
Huntington Station (L. T.) ............ Flathman, Edw. 
New York, 100 318 W. 57th St. ........ Backlund, L. R. 
New York, 1075 Home St. ............ Rosenberg, I. 
Philadelphia, 5135 М. Fairhill St. ..... Mevius, John C. 
Zelienople, 302 E. New Castle St. ..... Bassler, S. G. 
Laredo, 216 Matamoros St. ............ Otal, Carlos, Jr. 
Everett, 2119 McDougal Ave. ........ Sands, L. G. 


Quebec, Montreal, 6 Delormier Ave. .. Forward, Willis 
Quebec, Montreal, Bank of Montreal ..[rving, 
Ontario, Sarnia, 430 S. Brock St. ...... Hunter, Alex. 


Ontario, Beamsville, RR No. 3 ........ Potter, Robt. C. 
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1,627,758—RADIO RECBIVING APPARATUS—MARCEL WALLACE. of 
New York, N. Y. Filed April 27, 1925, issued May 10, 1927. Assigned 
to Electro-Laboratories, Inc. 


1,627, тетте sata ett OF ELECTRIC OSCILLATIONS—L. N. BRIL- 
LOUIN EUN M. F. FROMY, of Paris, France. Filed Aug. 10, 1925, issued 
ay 


1,627,815—RADIO BATTERY CHARGER--C. T. WEIBLER, of La Grange, Ill. 
Pa Roy. 24, 1926, issued May 10, 1927. Assigned to All-American 
o Corp. 


1,628,009—SIGNAL TRANSMISSION SYSTEM—A. Н. TAYLOR, of Wash- 
ington; RES. Эа Sept. 20, 1926, issued May 10, 1927. Assigned to 
e adio, Inc 


1,628,045—ELECTRONIC DISCHARGE DEVICE—W. Е. HENDRY, of Ossin- 
ing, N. Y. Filed Oct. 8, 920, issued May 10, 1927. Assigned to Manhat- 
tan Ðlectrical Supply Co., Inc. 


1,628,115—ELECTRIC CIRCUIT CLOSER FOR RELAYS—L. L. CALL, of 
Detroit, Michigan. Filed Apr. 17, 1922, issued May 10, 1927. . 


1,628,411—SYSTEM OF SECRET WIRELESS TELEPHONY-—F. W. KRANZ, 
of Geneva, Ill. Filed Feb. 1, 1923, issued May 10, 1927. 


1,6628.4466—ELECTRON DEVICE AND METHOD OF OPERATING—A. W. 
HULL, of Schenectady, N. Y. Filed Nov. 15, 1921, issued May 10, 1927. 
Assigned to General Electric Co. 


1,628,627—ELECTRICAL STRUCTURE—WM. DUBILIER, of New York, К. 
i rg June 30, 1923, issued May 10, 1927. Assigned to Dubilier Con- 
enser Corp. 


1,628,648—RADIO TELBGRAPHIC STATION—J. BETHENOD, of Paris, 
France. Filed Aug. 2, 1921, issued May 17, 1927. 


1,628,659—ELECTRICAL CONDENSER—C. S. FRANKLIN, of London, Eng- 
ре, Prea June 21, 1921, issued May 17, 1927. Assigned to Radio Corp. 
о тегіса. 


1,628, E EIN ARRANGEMENT FOR WIRELESS TELEGRAPHY— 
MEISSNER, of Berlin, Germany. Filed Sept. 3, 1921, P AEN May 17, 
1927 Assigned to Gesellschaft Fur Drahtlose Telegraphie М. В. Н. 


1,628,982—ELECTRON DISCHARGE DEVICE—R. I. HULSIZER, of East 
Orange, N. J. Filed May 28, 1921, issued May 17, 1927. Assigned to 
Western Electric Co. 


1,628,9005— WIRELESS TELEPHONE SYSTEM-—A. NYMAN, of Wilkinsburg, 
Pa. Filed Sept. 2, 1921, issued May 17, 1927. Assigned to Westinghouse 
Electric & Mfg. Co. 


1,628,987 —'TTHERMIONIC DEVICE AND METHOD OF EVACUATING THE 
SAME—R. W. KING, of New York, N. Y. Filed Sept. 24, 1920, issued 
May 17, 1927. Assigned to Western Electric Co. 


1,628,999—ELECTRON DISCHARGE DEVICE—V. L. RONCI, of Brooklyn. 
N. Y. Filed Dec. 19, 1924, issued May 17, 1927. Assigned to Western 
Electric Co., Inc. 


1,629,001—OSCILLATION GENERATOR-—J. С. SCHELLENG, of East Or- 
ange, N. J. Filed Sept. 18, 1923, issued May 17, 1927. Assigned to West- 
ern Electric Co., Inc. 


1,629,000—LOW IMPEDANCE ELECTRIC DISCHARGB DEVICE—H. С. 
SNOOK, of South Orange, N. J. Filed Aug. 7, 1920, issued May 17, 1927. 
Assigned to Western Electric Co. Inc. 


boe 020—CONDENSER-—E. B. CRAFT, of Hackensack, N. J. Filed Sept. 
, 1922, issued May 17, 1927. Assigned to Western Electric Co. 


1,629,337—RADIO FIRE ALARM SYSTEM—-H. GARRETT, of Dallas, Texas. 
Filed Oct. 14, 1925, issued May 17, 1927. 


1.629,171—ELECTRON DISCHARGE DEVICE—A. MAVROGENIS, of Mil- 
waukee, Wis. Filed Sept. 16, 1926, issued May 17, 1921. 


GEOGRAPHICAL LOCATION OF MEMBERS 


Dist. of Colum- 


bia, 


ELECTED JUNE 1, 1927 


Transferred to Fellow Grade 
Washington ...... aoe ew ЗТЯ Hund, August 
Transferred to Member Grade 


Massachusetts, E. Springfield wecaeaactusest,eessuass vo ba DOE, E. A. 


Canada, 


Canada, 
England, 


Alabama, 
Arizona, 
California, 


Connecticut, 


Florida, 


Georgia, 


Illinois, 


Iowa, 


Kansas, 
Kentucky, 


Louisiana, 


Montreal, c/o Radio La Presse, ......Spencer, L. 


Elected to Member Grade 


Toronto, Hydro Elec. Power Comm. ..Dalton, F. K. 
Liverpool, 76 Old Hall Street, .........Lyons, C. L. 


Associates Elected 


Pratt City, 58 Vine St. ...... TE ,..Hassler, W. D. 
Jerome, Box 726 ....... MURS RR eves .....Rutherford, К. L. 
Fresno, P. O. Box 726 ............. .... Wells, Frank Т. 


Hollywood, 6533 Hollywood Blvd. .....Drury, Paul O. 
Long Beach, 216 Grand, Apt. A. ... ...Lanphere, Merle 


Los Angeles, 1707 So. Flower ПЕГЕ АЯ Baker, Lewis С. 
Los Angeles, 2718 Moss Ave. М Rempe » Guy А. 
Los Angeles, 5120 So. Wilton Place ...Rusthoi, H. W. 
Гоз Angeles, 331 S. Mariposa Ave. ....Vauchelet, В. Е. 
Los Angeles, 5753 8th Ave. ............ Walling, H. S. 
Los Angeles, 1020 Santa Fe Ave. ..... Woods, Edw. J. 
Oakland, 5835 College Ave. ....... ,...Burchard, Bruce M. 
Riverside, 309 Lime St. ........... .... Chapman, C. W., Jr. 
Riverside, 176 Riverside Drive ......... West, Lloyd E 
San Francisco, 140 New Montgomery 

IE гышы ае РОНА xa d os ed Parker, Ray H. 
San Francisco, 1869 Stockton St. ..... Stagnaro, John A. 
Whittier, 410 N. Milton ...............Brown, Wilbur C. 
Whittier, Box 103, ..................... Mendeck, Fred C. 
Torrington, 150 Oak Ave. ........ . York, P. J. 
Miami, 56 S. E. First St. .............. Durante, J. A. 
St. Augustine, 10 Sevilla St. ........... McCallum, F. L. 
Tampa, 339 Plant Ave. ............ ... Moore, Wm. P. 
Atlanta, 102 West Peachtree St. ..... Alexander, D. C. 
Atlanta, 963 Ponce de Leon ........... Anderson, L. E. 
Atlanta, 533 Boulevard Place, N. E. ...Bayliss, V. В. 
Atlanta, 413 6th St.. М. E. ............ Bristol, T. R. 
Atlanta, 690 Piedmont Ave., М. E. ....Cook, J. А 


Atlanta, 902 Georgia Savings Bank 

Blade (oos oy gore Rieke ons weds Cota, John J. 
Atlanta, Station WSB, Atlanta Journal Daugherty, С. F. 
Atlanta, 1010 E. Shadow Lawn Ave., ..Dendy, G. R. 


Atlanta, 69 Mangum St., S. W. ....... Foote, James J. 
Atlanta, 123 Spring St., .............. Hill, Arthur M. 
Atlanta, 843 N. Boulevard, ............ Kay, Lambdin 
Atlanta, A. T. & T., Hurt Bldg., ..... Keith, John M. 
Atlanta, 524 Post Office Bldg. ......... Llewellyn, Geo. 
Atlanta, 16 Auburn Ave. ............. Lyon, D. Р. 
Atlanta, 8 Peachtree Way ............ MacMillan, R. H. 
Atlanta, 1765 N. Decatur Road ....... Morris, Jas. S. 
Atlanta, 12 Walton St. ............... Mosteller, M. O. 
Atlanta, 902 Flatiron Bldg. vx usecese Mürphy Brower 
Chambler, 8th & Jackson Sts. ......... Mindenhall, W. W. 
East Point, 423 E. Washington Ave. ..Jones, J. C 
Chicago, 1662 Clifton Park Ave. ...... Goldman, Stanley 
Chicago, 7526 Robey St. .............. Mooney, Raymond 
Oak Park, 1526 N. Austin Blvd. ...... Witt, Harold A. 
Dubuque, care General Delivery ...... Roedell, L. W. F. 
Muscatine, 919 Iowa Ave. ............ Wildman, Thos. S. 
rdi Bend, 1612 Murphy St. ......... Mitchell, Theo. R. 
T CeCe eT Oe eee eee re McGeorge, D. Н. 
о Р. О. Box 855.............. Berry, Robt. С. 


New Orleans, 841 Carondolet St. ...... Andres, Chas. Jr. 
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Ke gd 
\ , i Relfast, Box 296 * э ee 9 з ө е е с э 5 9 э э ө ө е э e « Leighley, H. M. 
"ua Cumberland, 504 Fifth St. e ..Sweitzer, Guy Н 
v osse husetts Mlinmiton, 12 Harvard St. ....... e. Pristas. John E. 
Beverly, 132 Dodge St. ............... Colby, Edw. В. 
Medford, 51 Central Ave. ............ Wyman, В. C. 
E RET Detroit, 5526 3rd St. ...... аена. Alvuire, L. W. 
` | Penot, 5711 Wabash Ave. ...... oO. Cash, Geo, В. 
Detroit, Station WAFD, Addison 
Hotel (2e e Rer pr serv Lathrop, Fred А. 
NS conr d Nt, Joseph, 1510 Crescent Drive, ..... Abercrombie, J. В. 
St. Louis, 203 Pine Su., ааа. CFOXtON, G. B. 
КОЛО Kidney, 307 Central Ave. .............. Houge, Chas. A. 
vow анро, Manchester, 47 Amherst St, .,...... ... Ryan, M. John 
кул Деке Camden, Victor Talking Mach. Co, ...Gray, J. Calvin 
пин већ, Box 51 RED No. 2 ......... Hohner, John 
Fanwood, North Ave. ....... „.........НАП, С. А. 
Fanwood, ................ ae ee Todd, Harold С. 
Itidkewood, 51 Highwood Ave. ess Boyce, W. К. Jr. 
New York, Albany, 140 Grove Ave, ............... Thomas, J. D. 
Arvene (OL. TF), 6603 Blvd. .............Gradinger, Archie 
Brooklyn, 1831 East 34th St. .......... Gruetzke, С. Р. E. 
Firooklyn, 21 Vermont Ave. ....,....... Kent, C. W., Jr. 
Erooklyn, 2021 East 13th St. ..... McLaughlin, C. E. 
Brooklyn, 3523 Bedford Ave. ууз... Siegel, Ralph 
Brooklyn, 5007 Sixth Ave. ........... ..Slepian, Edward 
Putfalo, 110 Waverly St. .............. Clark, Chas. W. 
Potfalo, 98 Cayuga St. ............. ... Hedtke, Edward 
Hamilton, Box 31, Colgate University . Dowd, Alfred 
Lynbrook (L. 1.) 4 Atlantic Ave ... Seidler, А. 
Mount Vernon, 14 North 9th Ave. ..... Dickely, Fred С. 
New York, 461 East 5th Ave. ...,.. ... Campbell, J. А. 
New York, Radio Inspector, Sub- Trea- 
SENS do DRE euis ш тасил bc ot cto oy A Cochran, E. C. 
New York, care Postmaster, USS Wor- 
a pedal eae wena Ss i ail Se ae tate Colvin, Ruel 
New York, 16 Arden St. ,......... ee .Fernancez, Edw. 
New York, 124 West 42nd St, ууу... -Heuschkel, Paul J. 
New York, 785 Home St. .......... _Jablon, W. W. 
New York, 113 West 57th St. ........ ` LeRoy, Frank S. 
New York, 224 West 13th St. ......... Taylor, Jay L. 
Ozone Park (L. T.), 8605 95th Ave. SIN eilminster, Chas. 
Richmond Hill (L. I.), 9119 127th St. .. Dowd, W. A. 
Rochester, 238 SN, Goodman St. ....... Erhart, У. Ј. 
Rochester, 762 Нау St. oe . Friedler, D. P. 
T Cleveland, 2108 East 96th. St. ......... Sherman, К, S. 
Cleveland, Radio Station WHK ....... Smith, 8. E. 
"un Portland, 109 East 42nd ........... ....La Salle-Dilley, L. 
Reedsport, Box М. IE. .......... ess. White, F. E 
Ioonoylvania, Oil City, 122 Washington Ave. ......... Hahn, S. L. 
Philadelphia, 1533 Pine St. ....... LL... Keyser, Chas. S. 
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INSTITUTE ACTIVITIES 


PERSONAL MENTION 


Dr. J. H. Dellinger, Junior Past President of the In- 
stitute, recently sailed for Europe where he will be travel- 
ing for three months in the interest of the Department of 
Commerce, particularly to study radio aids to navigation in 
other countries. 


Mr. L. E. Whittemore, member of the Board of Direction 
of the Institute, has been appointed Secretary of the Ameri- 
can Delegation to the International Radio Telegraph Confer- 
ence to be held in Washington, D. C., in October. Mr. 
Whittemore is now in Washington where he will remain un- 
til the conclusion of the Conference. His address is Ameri- 
can Delegation, International Radio Telegraph Conference, 
United Chamber of Commerce Building, 1615 H Street, N. 
W., Washington. 

During Mr. Whittemore’s absence from New York, Pro- 
fessor L. A. Hazeltine is serving as Acting Chairman of the 
Institute's Committee on Standardization. 


News of the Sections 


ATLANTA SECTION 


The first formal meeting of the newly organized Atlanta 
Section was held in the Atlanta Athletic Club on the eve- 
ning of July 6th. Major Walter Van Nostrand presided. 

The major portion of the meeting was devoted to per- 
manent organization work. The officers of the Section were 
elected as follows: Chairman, Major W. Van Nostrand; 
Vice-Chairman, H. L. Wills; Secretary-Treasurer, George 
Llewellyn; and Assistant Secretary-Treasurer, John M. 
Keith. The Chairmen of the Committees are: Meetings and 
Papers, H. L. Wills; Publicity, Lambdin Kay ; Membership, 
C. F. Daugherty. 
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Following the business session, the members present in- 
formally discussed the effect on propagation of waves under 
varying power using Hertzian antennas. 

At a meeting of the Atlanta section held on August 3rd, 
Major W. Van Nostrand presiding, Ray F. Lovelee, of the 
Federal Radio Corporation, presented a paper entitled 
"Broadcast Receiver and Power Supply Designed." 

A general discussion followed the presentation of this 
paper. 

There were twenty members of the Institute present at 
the meeting and at the business meeting and dinner pre- 
ceding. 

The next meeting of the Atlanta section will be held on 
September 7th in the Atlanta Athletic Club. 


PHILADELPHIA SECTION 


A meeting of the Philadelphia Section was held on June 
24, 1927 in the Franklin Institute. J. C. Van Horn was the 
presiding officer. 

A paper was presented by C. Francis Jenkins on “Radio 
Vision.” Prof. Lloyd M. Knoll, John Arnold and others par- 
ticipated in the discussion which followed. 

Due to his removal to New York City, the resignation 
of David P. Gullette as Secretary of the Section was ac- 
cepted. John C. Mevius was elected to succeed Mr. Gullette. 

The attendance at this meeting was over one hundred. 

The next meeting of the Philadelphia Section will be 
held on September 23, 1927 at which time Prof. Charles M. 
Weyl will present a paper on “Reproduction of Sound.” 


ROCHESTER SECTION 


On May 20, 1927 at a meeting of the Rochester Section 
held in the Sagamore Hotel, Benjamin Olney of the Strom- 
berg Carlson Telephone Manufacturing Company delivered 
a paper entitled "Acoustics as Related to Radio Engineer- 
ing." 

Following the technical portion of the meeting, the fol- 
lowing officers were eleeted for the next Section-year by 
unanimous vote: Chairman, H. J. Klumb; Vice-Chairman, 
A. E. Soderhon; Secretary-Treasurer, F. Reynolds. Mr. J. 
F. Hitchcock was elected Chairman of the Board of Direc- 
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tion of the Section. The following are Chairmen of the 
standing Committees: Meetings and Papers, V. M. Graham; 
Constitution, A. E. Roeser; Membership, A. L. Schoen; 
Rooms, A. E. Soderhon. 


SEATTLE SECTION 


A meeting of the Seattle Section was held on May 11, 
1927 in the Club Room of the Telephone Building, Seattle. 

T. M. Libby was the presiding officer. Two papers were 
read. The first, by Charles L. Reynolds, was on “Our Patent 
Laws," covering in detail the history and development of 
our present laws together with an account of some of the 
requirements for valid patents. 

The second paper was presented by E. S. Smith on 
"Cathode Ray Oscillographs." This paper described the 
development, construction and use of both hot and cold 
cathode ray oscillgraphs. The paper was illustrated with 
slides of equipment, setups and the resulting oscillograms. 

At a meeting of the Seattle Section on June 11, 1927, 
two papers were presented. Charles Peterson delivered a 
paper on “Loud Speaking Receiver Design," describing the 
basic design and manufacturing problems of loud speaking 
receivers. 

The second paper, by J. A. Burleigh and O. C. Smith 
was on the subject of “Sounds We Can and Cannot Hear," 
which included a striking demonstration of the frequency- 
response characteristics of the human ear. 

The next meeting of the Seattle Section will be held 
early in September. 


I. R. E. Notes 
NOMINATING COMMITTEE 


For the purpose of recommending to the Board of Direc- 
tion а program of possible candidates for the offices of 
President, Vice-President and two Directors of the Institute 
a nominating committee has been appointed by President 
Bown. The membership of this committee is as follows: J. 
V. L. Hogan, Chairman; L. A. Hazeltine and Melville 
Eastham. The Committee desires to receive suggestions 
from the Institute membership. 

As authorized in the amendment to the Institute’s Con- 
stitution dated January 1921, "Nomination by Petition shall 
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be made by letter, addressed to the Board of Direction, set- 
ting forth the name of the proposed candidate and the office 
for which it is desired he be nominated. For acceptance, a 
letter of Petition must reach the Board of Direction on or 
before October 15th of any year, and shall be signed by at 
least thirty-five Fellows, Members or Associates." 


CHANGES OF ADDRESS 


It is very important that the office of the Institute be 
notified promptly of any change in address of any members 
of the Institute. Such notification should contain the follow- 
ing information: the former address, the new mailing ad- 
dress and the new business address (if the mailing address 
is a residential one.) 

The Institute cannot be held responsible for misdirected 
mail if it is not notified at least two weeks prior to the pub- 
lication date of the PROCEEDINGS. 


MEMBER AND FELLOW DIPLOMAS 


Members and Fellows of the Institute desiring a diplo- 
ma of membership are requested to advise the office of the 
Institute the exact reading of the name they desire to 
have placed on the diploma. 

Diplomas for Members or Fellows can be secured free 
of charge upon application to the Institute. 


CONFERENCE OF ENGINEERING SOCIETIES SECRETARIES 


At the third Conference of Secretaries of Engineering 
Societies held on June 16th and 17th in Cleveland, Ohio, 
R. A. Carlton, a member of the Cleveland Section of the In- 
stitute, represented the Institute. Much information of 
value was secured at this Conference. 


Committee Work 


I. R. E. SUBCOMMITTEE ON POWER SUPPLY 


At a meeting of the Institute’s Subcommittee on Power 
Supply of the Committee on Standardization, held at Insti- 
tute Headquarters on July 13, 1927, the following committee 
members were present: W. E. Holland, Chairman; L. Baker, 
C. T. Burke, L. W. Chubb, R. A. Klock, E. J. Moore, G. E. 
Rodwin, G. W. Vinal. 
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This was the first meeting of the Committee and, despite 
the summer heat, the Committee remained in session all day 
and made good progress on the following subjects: 

a. Terms and definitions applying to radio socket- 
power units. 

b. Standard method of ripple measurement. 

с. Method of measuring inductance of filter choke coils. 

d. Method of measuring capacitance and power factor 
of filter condensers. 

Items a, b, and c have been discussed previously in meet- 
ings of the Socket Power Committee of the National Elec- 
tric Manufacturers’ Radio Division and have been referred 
recently to the Institute’s Power Supply Subcommittee by 
the N. E. M. A. Committee as being work that should more 
properly be undertaken by the Institute. 

The Radio Manufacturers’ Association Engineering Di- 
vision is also looking to the Institute’s Power Supply Sub- 
committee to work out standards on the above subjects. 

The Subcommittee plans to meet again in September. It 
is hoped that it will then be able to make final recommenda- 
tions to the Committee on Standardization on a four of the 
above subjects. 


Sectional Committee on Radio, A. E. S. C. 


COMMITTEE ON VACUUM TUBES 


A meeting of this Committee was held at the office of the 
Institute of Radio Engineers. The meeting considered the 
standardization of tube bases, the preparation of informa- 
tion for the American representative on the Advisory Com- 
mittee on Tube Base Standardization at the International 
Electrotechnical Commission meeting in Italy in September, 
and filament voltage tolerances. 

Two types of UX base and tube terminology were adopt- 
ed for recommendation. 


The Committees on Transmitting and Receiving Sets and 
Installations, Component Parts and Wiring, Electro-Acous- 
tic Devices and Power Supply and Outside Plant have re- 
ported no further activities during the month of May. 


668 


OBITUARY 


With deepest regret the Institute of Radio Engineers an- 
nounces the death of 


Cornelius Johannes de Groot 


Dr. de Groot was born in den Helder, Holland in 1883, 
and was in succession a student at the Technical College, 
Delft, Holland and the Technical College at Karlsruhe, Ger- 
many. For many years he was a Fellow of the Institute of 
Radio Engineers. 

He was one of the pioneers both in the long wave and 
short wave field of radio communication, was responsible 
for the installation of the highly modern radio stations in 
the Dutch East Indies (which communicate directly with 
Holland and other parts of the world), and has made many 
fundamental studies of atmospheric disturbances and trans- 
mission phenomena which he has published in brilliant 
papers in the “Proceedings of the Institute of Radio En- 
gineers", and elsewhere. His careful observations and in- 
genious deductions and conclusions from them have been 
repeatedly verified by later investigations. 

He wil unquestionably be remembered as a pioneer 
worker and inspired investigator, one who brought the 
benefits of radio communication to the distant parts of the 
earth, and a most likeable gentleman. 


А NEW FREQUENCY TRANSFORMER OR 
FREQUENCY CHANGER 


BY 
ISAAC KOGA 


Many devices have been published to multiply the fre- 
quency of a given alternating current, but there is no static 
means to obtain 1/2, 1//3 etc. of the given frequency. This 
paper explains how such frequencies can be obtained by 
means of a three-electrode vacuum tube. The same scheme 
can also be used as a frequency multiplier, and even to get 


frequencies such as 3/2, 2//3, 4/3, 37⁄4 etc. of a given 
frequency. 


The process is quite simple; to get for example half the 
frequency of a given alternating current of frequency f,, 
construct any valve oscillation generator having natural fre- 
quency of about 14 f, and excite its grid or plate circuit with 


Figure 1 


proper voltage of frequency f,, the resulting frequency will 
e just L5 fə The process of getting any other frequencies 


having simple ratios to the given frequency is quite similar, 
So that I shall describe only a few cases in order to give 
а general idea of the method. 

Take, for example, the Hartley circuit (Figure 1), the 
grid of which can be excited by an external source by means 
of a potentiometer or a transformer. Without external exci- 
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tation the frequency f of the oscillatory current is given by 
the natural frequency f, of the circuit. 


1 
f=h= 2x V CL 
Let now an exciting voltage of f. (= 2 fa ) be gradually 


increased. At first, at very low excitation, the frequency of 
the oscillatory current is independent upon the exciting 


frequency f, and is maintained at the value f,, but as the 
exciting voltage increases, the frequency of the system be- 
gins to approach 14 f, until it suddenly coincides with l5f,, 


Figure 2 


thereby causing sudden depression of plate current at the 
same time. The necessary exciting voltage may be lower, 
the smaller the difference of 14 f, and f, Next, keeping the 
exciting voltage constant, vary the natural frequency of the 
circuit in one direction, the oscillator frequency f falls sud- 
депу in step with 14 f, and again suddenly out of step at a 
certain value of 10 f, f, This "attraction" of frequen- 
cies is already treated by E. V. Appeleton* in the case of two 
nearly equal frequencies, and the similar curves as in Figure 
9 in his paper were also taken for our cases. 

The oscillatory current thus produced in the oscillation 
circuit contains only a small amount of second harmonic of 


e Automatic Synchronization of Triode Oscillators", Cambridge Phil. Soc., 
Proc. 21 pp. 231-248, Nov., 1922. 
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lo f, i. e. the component of f, itself, and the wave form 
seems to be sinusoidal on inspection. 

If an excessive excitation, the whole system will be evi- 
dently forced to produce a current of frequency fe; and if 
the difference 14 f, ~ f, is very large, the system will take 
another frequency, automatically selecting the nearest to 
fa which is yet in a simple ratio to f.. 

In Figure 2, V, is used as an exciter, V, as an oscillator | 
which is controlled by V,, both being Radiotrons UX-201-A. 
The frequency meter W is loosely coupled to the oscillation 
circuit L, C, only. Adjusting C, slowly to and fro, a beat 
note is heard in the crystal detector circuit D which starts 
and stops suddenly without giving a tone of low pitch. This 


v, V; — Radichom UX-&o1-A 
Figure 3 


Shows that the oscillator V, suddenly falls into step and out 
of step with the frequency of V, in some simple numerical 
ratio. The frequency meter W gives two frequencies for 
which a beat is heard; one the frequency f, of V, itself and 
the other a frequency f slightly different from the natural 
frequency f, of V,. (This change of frequency f was already 
noted). But when the beat note stops, only one frequency is 
observed and practically no trace of f, in the corresponding 
setting of the frequency meter, which shows that there is 
now scarcely any component of f, in the oscillator V,. One 
of my experimental results is shown in the following table, 
the third column gives the natural frequency f, of V, cor- 
responding to the both limits just before the beat notes are 
heard under excitation. All numbers are given in kilocycles 
per second. 
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Frequency of V,|Frequency of V, Natural 
Frequency of V, 

544 x 2 544 542 - 551 
538 x 3 538 535 - 544 
436 x 4 436 432  - 438 
445x 5 445 443  - 448 
373x 6 313 312.5 - 374.5 
321x 7 321 320.5 - 321.5 


As a practical application of this apparatus we tried to 
obtain a constant radio frequency oscillation of long wave- 
length using a quartz crystal controlled oscillator. In Figure 
8, V, is a triode controlled by a crystal oscillator V,. The 
fundamental frequency of the crystal oscillator is about 70 


Figure 4 


kilocycles per second and V, could be controlled easily down 
to one-tenth of this frequency i. e. about 7 kilocycles per 
second. If we use this process in a series of steps, we will be 
able to get still lower frequencies. 

The wave form of the current in the various parts of the 
circuit and the manner of falling into step were observed 
by means of a Siemens electromagnetic oscillograph. Audio 
frequency alternating current was employed for this experi- 
ment, a potential transformer (Weston Potential Trans- 
former Model 311, ratios 440 and 220 volts to 110 volts) 
was used as an inductance in the oscillatory circuit, the 
exciting voltage being secured from an inductor type alter- 
nating current generator designed for 500 cycles at full 


Koga: A New Frequercy Transformer or Frequency Changer 673 


speed. The general connection arrangement is shown in 
Fig. 4. A resistance of about 350 ohms is inserted in the 
output circuit as a load. 0, 0, 0, are oscillograph vibrators, Т 
is a current transformer, and 7 indicates a series resistance. 
Figures 5-13 are picked out from about sixty oscillograms 
which were secured. 


Figure 5 


Figure 5 shows the oscillograms of the exciting voltage 
and load current. The excitation is decreased from 11 volts 
to zero. “Synchronization” (which is the term I shall employ 
for the sake of simplicity for the condition when the two 
oscillators fall into step with a definite frequency ratio) 
fails to occur below about 7 volts. With no excitation the 
frequency of the oscillator f is f, 


m we 
f= fa > € fos 


Figure 6 


but over 7 volts excitation, we have 
1 
= 2 fa , 


and over 11 volts the load current contains considerable 
amount of exciting frequency component ; and still further 
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increase in exciting voltage gives only f,, and the component 
of frequency l5 f, disappears. 

Figures 6 and 7 cover the case when the excitations are 
slightly above and below 11 volts respectively. Figure 8 
shows the case when the possibility of free oscillation is 
altered by decreasing the plate voltage, the excitation being 


Figure 7 


kept at about four volts. Alternating current of 50 cycles 
is also shown as a timing wave. With certain plate voltage, 
the oscillatory current cannot be maintained at a fractional 
value of the given frequency, and the system acts only as 
a poor amplifier. From all governing considerations, it is 
probably certain that this type of frequency control cannot 
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be carried out unless the oscillatory circuit satisfies the con- 
dition of self-oscillation. 


Sometimes when 
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certain exciting voltage, and then to 1% f, at a little higher 


voltage. Figure 9 is another example when the oscillator is 
forced into the relation 


f= d 


The excitation is begun from 14 volts, and lowered to zero. 


Figure 9 


The load current is somewhat complicated but the general 
characteristies are nearly the same as those of Figure 5 
asa whole. Figure 10 shows the plate current and load cur- 
rent when 


pes d 


Figure 10 


The load being cut off midway, the natural frequency of the 
oscillator decreases with the increase of inductance, the 
plate current is distinctly seen to contain the component of 
exciting frequency. Evidently the synchronization fails to 
occur under no-load because the oscillation becomes too 
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strong for the same controlling voltage. Similar oscillo- 
1 : : 

grams were taken up to f — F f, which are omitted here. 


On the other hand when the frequency of excitation f, 
is lower than the natural frequency f, of the oscillatory 
circuit, the amplitude of load current is generally very small 


Figure 11 


compared with that in the foregoing cases. That the plate 
current has the exciting frequency as its fundamental fre- 
quency is again quite a different circumstance from that in 
the foregoing cases. In Figure 11 the grid excitation is 
decreased from 15 volts to zero. It is seen that while the 
load current is depressed markedly when controlled, it be- 
comes of considerable amplitude when the excitation is re- 
moved. The frequency relations are: 


Figure 12 


f =8 f, while f, + 7 fo 
Figures 12 and 13 show the cases when the circuit is con- 
trolled so that 
f — 4 {„ апа f — 9 f, 
These phenomena of synchronization can be explained 


as due to the "attraction" of two nearly equal frequencies, 
and to the non-linear characteristic of a vacuum tube. Sup- 
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pose that the exciting frequency f, and the frequency f of the 
oscillator can be expressed as: 


n 
„= Е, f=F +e. 


where F is a fixed value, 
m and n are any integers, not including zero, 
e is a very small quantity, (positive or negative), 
compared to F. 
As the grid voltage-plate current characteristic is not 


linear, if the exciting voltage of — Е is superposed, the cur- 


rent in the oscillatory circuit will be composed of several 


Figure 13 


frequencies, among which the following three frequencies 
will be predominant: 

F--(n--1)e, F—(m-—1)eF + е. 
The first two frequencies are the beat frequencies between 
the m th harmonic of the exciting frequency and the 
(п 2-1) th harmonics of the oscillator frequency. 

In practice n is ordinarily small, so that the most im- 
portant components are the last two. 

Now, as the exciting voltage increases, these three fre- 
quencies cannot coexist independently, and they "attract" 
each other. But as the value Ё' is fixed by the external force, 
these three frequencies necessarily become PF, thereby re- 
ducing the value of e to zero. | 

It will be sometimes convenient to give a proper name 
to this new device. It is believed that the role of this appara- 
tus is quite analogous to that of an ordinary step-down 
transformer. Just as the latter offers a means of obtaining 
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any lower voltage (or current) proportional to the input 
voltage (or current), so the former provides a means of 
obtaining a lower frequency which holds any required ratio 
to the given frequency. From this viewpoint, I propose the 
name “(Static) Frequency Transformer”, for the device. 
Considered, however, from another point of view, this ap- 
paratus gives a frequency having any given ratio to the 
original frequency, so that the name ‘“‘(Static) Frequency 
Changer” is also proposed. 

SUMMARY: Alternating current having a frequency 
which is any fractional value of the frequency of a supplied 
current, can be obtained by means of a triode oscillator. The 
phenomenon seems to be due to the “attraction” of two 
nearly equal frequencies occurring in the triode circuit and 
to the non-linear characteristic of a triode. 


AUDIO FREQUENCY TRANSFORMERS* 


By 
JOHN M, THOMSON 


The following assumptions will be made with respect to 
the characteristics of the transformer. 

The primary and secondary inductances are independent 
of frequency. This is true as long as the flux is uniformly 
distributed across the core. The inductance will vary with 
the amount of direct current in the primary, but for each 
value of direct current the inductance will be constant. Ac- 
tually the inductance will vary with the strength of the 
signal. Therefore the amplification will depend on the sig- 
nal. As the component of the self inductance due to the 
flux which passes through the coil itself is small the unequal 
distribution of current across the conductor will have very 
little effect on the inductance. 

The resistances of the primary and secondary coils are 
independent of frequency. The correctness of this assump- 
tion will depend on the size of the conductors used and on 
the length of the leakage paths. Using the methods de- 
veloped for power'transformers the increase in the resis- 
tance of the transformers made by the company with which 
the writer is associated was found to be less than 1 per cent 
at 10,000 cycles. 

The mutual capacity was taken equivalent to a lumped 
capacity connected across the terminals. Whether or not 
this is the correct position for the equivalent capacity is 
open to discussion. 

The self capacity is also assumed to be equivalent to a 
lumped capacity connected across the terminals of the sec- 
ondary. The mutual and self capacities are assumed to be 
independent of frequency but will most likely vary slightly 
with the frequency if the conductors and the length of the 
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leakage paths are such as to give a non-uniform distribution 
of current. | 
The exciting current and the core loss have been neg- 
lected, but could be represented as in power transformer 
work by an impedance shunting the primary. 
Transient phenomena are neglected. 


VND OQ Q 


E, /\ : : / N 


Figure 1 


Rp = tube plate impedance in ohms. 

U —tube amplification factor — y, in Figures 5 and 6. 

РК, = resistance of the primary in ohms. 

К, — resistance of the secondary in ohms. 

L, — inductane of the primary in henrys. 

L, — resistance of the secondary in henrys. 

M = mutual inductance in henrys. 

C, — mutual capacity between primary and secondary coils 
in farads. 

С, = by-pass condenser across the primary plus the self 
capacity of the primary in farads. 


Figure 2 


C, — Self capacity of the secondary in farads; plus the grid- 
filament capacity of the tube connected to the secon- 
dary of the coil. 


Thomson: Audio Frequency Transformers 681 


== 2 т frequency in cycles per second. 


5 71 1 i+jwe,R, 
Е, 7—1 
jw, 


Z,—R,-EjwL, 


The connection of the transformer in the set is given in Fig. 
l. Fig. 2 gives the equivalent a-c. electrical circuit. 


The following equations were obtained by the use of Kir- 
choff's Laws: 


E -rFIR,—uE, (1) 
I,—jwc,E (2) 
l =l, +1, + In (3) 
I, = 1, + Im (4) 
Е +jwMl=Z,1, (5) 
jwMI, 2,1, +1,2, , (6) 
2, + lz =jwMI,+jwMI, an уш (Т) 
1,Z, -jwMI, — E —0 (8) 
—jwM1,4+ 2,1,4 (1,+ In) Z,—=0 , (9) 
1, (2,—jwM) +1,(2,—jwM) — t = 

(10) 


On solving these last three equations for 1,, 1„ and I, we 
get: 


_Е Z, 
= Z., 
= 50 T + Z,Z2,— jw M Z, where 
(11) 
D— (^o. ye ZU CL, м) 
jwC 
(12) 
E (WM i 
I= 5. WC, + 22,—jwM Z, ) (13) 


I, —7- (WM +Z, Z, + 2,2,—jwM Ze) (14) 


1, — 1, +1, +1, (3) 
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1„ = ] ш С, E + Ё. : tue + Z, Z: 
—2jw MZ,--WM'--Z,Z,--2,Z2,) (15) 


L=jwC, E + ЕЕ =#E (15а) 
heer uc: LZ, Z, 2j МЕ, 
wher E Um doc + —2jw 
+WM42,2,42,2% (16) 
andH=jwC,D+P (17) 
E+1,R,=uk, | (18) 
wE,D 
E—pEHR, —— e 
but E, =I, кы (20) 
E 
E= > Wwe. yt WM eZ.) 2, (21) 
Amplification = 
Е, uZ, ум 
E-priHm(w c, tM Z, Z, ) (22) 


This expression is rather involved and requires a certain 
amount of tedious work in using it, but it will give the cor- 


Figure 3 


rect amplification for the assumed conditions. 
To simplify matters the following assumptions will be 
made: 


This will not cause any serious error as R, which is in series 
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with E, is usually very large. Similarly R, is very small as 
compared with А, or 


jw С, 
M = V L, L, Г, = № L, 

This assumption that М = V L, L, means that the coupling 
coefficient between L, and L, is unity, while the leakage in 
a good transformer will be small (1 per cent or less), the 
form of the amplification curve at the higher frequencies is 
largely controlled by the leakage inductance. The amplifica- 
tion obtained by the use of this assumption will therefore 
not be correct at the high frequencies. Fig. 4 shows the am- 
plification curves obtained by the exact and approximate 
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Figure 4—Calculation of Amplification. 


methods. The only disagreement is in the upper range. 
Curve “a” is exact and “b” an approximation. 
Since M = V L, L, апа L, = № L, 

Е 


І, =] 1 с, Е + Ё E +3 0С, № 


ЕГ 
+ jwen(1—N)'Eandl,—E (z-) (23) 
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On examining the equation for I, it will be seen that the 
circuit in Fig. 3 will be equivalent toit.  - 
Let re. + ј 2, be the equivalent impedance of the trans- 
former, 

E 


шешке о = (24) 
E—uE, LR, =u E, — E Fo (25) 
иЕ, (т. + јх.) 
= ы Аа fef АЯ 2 
E= R т, i2. ad 
EN 
E 5 E 2. х g (27) 
| NuE (т. јх.) 
| СЕ r+ Jj. 
: E nuE (т + ј2 ) 
Amplification — т | = | — = —_ 
piifica Е Ке Re 
2 2 
we NU (Te + J Xe) — Nuvr+ х, 
E, -r T. 4-2 x. V (Rp Te Ù H rè 


(28) 
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Figure 5—Effect of Mutual Capacity on Amplification. 
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The greater т. | j х. is the closer the amplification ap- 
proaches to n u. 

For maximum amplification r + z,^ must be very large 
as compared with E, + 27, R,. | 

т. is usually small and if the grid filament resistance is 
large enough to be neglected r, will be zero. 

The only characteristics of the tube required to give the 
amplification curve is the plate impedance and the amplifi- 
cation factor of the tube. There is no simple relation be- 
tween these two factors which would give us a means of 
comparing the relative merits of tubes. 

If the direction of the secondary current is reversed, 


Z, 2 1 
Patt (2, +2jwM--%,)Z,+W'M 


+ 2,2, 2. 
The rest of the proof is similar to the first part. 
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Figure Effect of Brace the зев with a Resistance. 

When R, = R,—0 and M— y/ L,L, 

the same equivalent circuit will be obtained with the 

capacity Cm now increased to ( 1 + № )? instead of ( 1 —N ):. 
Fig. 5 shows the effect of the mutual capacity on the 

amplifications curve of the transformer. Curve “а” was 
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obtained with the mutual capacity of the transformer neg- 
lected. Curve “b” shows the effect of the mutual capacity. 
A, B and C are filament, plate and grid battery voltages. 

The curves in Fig. 6 show the effect of a shunted secon- 
dary. Curve “а” was calculated from assumed constants 
while curve “b” is a curve obtained from test. The form 
of the two curves is very similar. 

In conclusion the results obtained for the assumed con- 
ditions are as follows: 

The maximum amplification is obtained when the equiva- 
lent impedance of the transformer is very large as compared 
with the plate impedance of the tube. There is no simple 
relation between the plate impedance and the amplification 


constant of the tube, which will give the performance of the 
tube when used with audio frequency transformers. The 


mutual and self capacity of the coils acts as a pass at the 
higher frequencies and the effect depends on the turn ratio 
of the transformer. 

SUMMARY: In the foregoing paper a method for calcu- 
lating the amplification curve of an audio frequency trans- 
former is developed in terms of the usual constants of the 
transformer and of the tube. The distributed capacity of 
the coils and the mutual capacity between the primary and 
secondary coils are represented by lumped capacities. The 
exciting current of the transformer is neglected. As the 
equation for the amplification in the vector form is rather 
involved an approximate formula is then developed and its 
limitations pointed out. 


NOTES ON THE TESTING OF AUDIO 
FREQUENCY AMPLIFIERS’ 


BY 
EDWARD T. DICKEY 


Fundamentally, the testing of audio frequency ampli- 
fiers consists of an examination of the operational and struc- 
tural features of the amplifier with the view to determining 
the following points: 

1. The voltage amplification, with special regard to the 
relative amplification at various points along the audio fre- 
quency range. 

2. Ability to produce the necessary output power for the 
particular use for which it is intended, without distortion of 
the impressed wave form. 

3. General operational and structural practicality with 
reference to such points as: freedom from audio frequency 
howling, susceptibility to howling through lengthening of 
the input and output leads, correct values of grid and plate 
potential for the particular tubes used, etc. 

Of these points, the most important, and those requiring 
the most equipment and care in their determination, are 
undoubtedly the first two. The greater portion of this paper, 
therefore, will be devoted to consideration of these points. 

It is, of course, understood that a test of the audio fre- 
quency amplifying system constitutes by no means the entire 
story on the fidelity of a complete receiving set. The various 
tuning, amplifying, and detecting stages preceding the audio 
frequency amplifier, all have their effect on fidelity. Those 
interested in a discussion of the other factors affecting fidel- 
ity and their measurement, are referred to a contemporary 
paper on “Notes on Receiver Measurements” by Messrs. T. 
A. Smith and G. Rodwin. 

1. Voltage Amplification Measurement 

It is not intended in the short space of this paper, to 

discuss all the methods, or even all of the most important 
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methods, of attacking this problem. Discussion will be con- 
fined to the methods which have been found by the author 
to give the best results in combined accuracy, speed of test, 
and simplicity of operation. 

The apparatus necessary consists of the following three 
essentials: | 

А. А source of variable audio frequency potential, 
capable of supplying the required amplifier input potential, 
and producing oscillations whose wave form differs from 
the sinusoidal to a negligible degree. 

B. Means for accurately measuring the potential im- 
pressed upon the input of the audio frequency amplifier 
under test. 

C. Means for accurately measuring the output potential 
from the amplifier, without appreciably influencing any 
characteristic of the amplifier. 

Description of the apparatus considered most suitable 
for these three purposes is given below: 

A. The Oscillator. The source of audio frequency poten- 
tial found most satisfactory was an oscillator of the beat 
frequency variety, employing the difference frequency of 
two radio frequency oscillators. By combining and rectify- 
ing these frequencies, and then amplifying the resultant 
frequency, it was possible to obtain from the oscillator of 
the type used by the author, audio frequency potentials of 
the order of 50 volts. The wave shape of the oscillations 
obtained from a properly constructed oscillator of this type, 
can be made to contain not more than 1 or 2 per cent of 
harmonics, and the output potential will remain effectively 
constant over the frequency range from 30 to 10,000 cycles 
approximately, without readjustment. 

It has become a fairly well established practice in radio 
laboratories, to use a logarithmic scale for the frequency, 
in plotting audio frequency characteristic graphs. By prop- 
erly shaping the plates of the frequency adjusting variable 
condenser, it is possible to make the frequency produced by 
the oscillator vary logarithmically with respect to the con- 
denser dial. The advantage of this will be evident when 
the method of using this oscillator in testing audio fre- 
quency amplifiers is described. (See section on General 
Description of Amplification Test Method). 

B. Input Potential Measurement. The output of the 
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oscillator used is adjustable internally, and thus for this 
measurement, it is only necessary to employ a thermo-milli- 
ammeter of reliable make, which is accurate over the audio 
frequency range. Associating this meter with the necessary 
series resistance, which must be accurate over the range of 
audio frequencies used, potentials over the desired range 
may be measured and applied to the amplifier input. As 
stated previously, the output potential of the oscillator when 
once set, will remain appreciably constant over the range 
from 30 to 10,000 cycles, which is sufficient for the usual 
amplifier measurements. It is considered good practice to 
read the input voltage again at the end of the test run, to 
make sure that the oscillator is working properly. 

C. Output Potential Measurement. Considering the re- 
quirement that the measuring device used here shall not 
affect the characteristics or output of the amplifier, the 
most obvious instrument to use is a voltmeter of the vacuum 


ы! , 


Figure 1—Circuit of Direct-Reading Vacuum Tube Voltmeter 


tube type. To simplify the operation, and to permit readings 
to be taken rapidly, a direct-reading type of vacuum tube 
voltmeter is desirable. 

To facilitate operation in connection with the curve 
drawing mechanism, which will be described later, a tube 
voltmeter having very nearly a linear characteristic is 
needed. By the use of a UX-171 tube, it was found possible 
to construct a voltmeter having a number of very desirable 
features for amplifier output measurement purposes. This 
tube has a low plate impedance, and a high grid bias poten- 
tial, and it is possible, by its use, to obtain a tube voltmeter 
which is capable of measuring directly potentials up to 
approximately 70 volts, and which has a reasonably straight 
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characteristic curve from about three volts to the end of the 
scale. A high plate potential, a high series plate resistance, 
and a microammeter having a full scale deflection of 100 
microamperes, were contributing factors in producing the 
straight line characteristic. 

The circuit used is shown in Fig. 1. Because of the rela- 
tively low plate current (maximum approximately 100 
microamperes), it is possible to run the filament of the tube 
below its full rated value (4.5 volts permissible), thus pro- 
longing its life and constancy of calibration. For increasing 
the accuracy with which the zero reading of the meter 
might be set, it was found best to use a reading of 10 micro- 
amperes as zero, calibrating the meter scale from that point. 
The tube voltmeter is calibrated using the oscillator and 
thermoammeter described before. On turning on the fila- 
ment and grid potentials, it is merely necessary to make a 
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Figure 2—Calibration Curve of Direct-Reading Vacuum Tube Volt. 
meter (0-70 v. Range). 


slight adjustment of the potentiometer until the micro- 
ammeter reads ten. Changes in the zero reading during 
operation are relatively negligible. The condensers con- 
nected across various points of the circuit are used to pre- 
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vent inequalities in reading at the high and low frequencies. 
As shown, the instrument is equally accurate over the entire 
audio frequency range within observational error per- 
centage. 

At first glance it seems somewhat dangerous to use a 
plate meter of such high sensitivity in a circuit having 
such a high applied potential. By a very simple calculation, 
however, it will be evident that even if the plate and fila- 
ment of the tube should become short circuited, the high 
value of series plate resistance would prevent the plate 
meter from being overloaded. As will be seen from the 
calibration curve (Fig. 2) the plate meter reading remains 
practically constant after it has reached a reading of ap- 
proximately 104 microamperes. While slightly past the 
end of the scale, this will not injure the instrument. 

In amplifiers where there is no direct current flowing 
through that portion of the output circuit across which the 
tube voltmeter is connected, the binding posts marked G 
and F are connected direct to the amplifier circuit. In cases 
where the amplifier output circuit contains a direct current - 
component, use is made of the condenser and choke com- 
bination shown to the left of the circuit in Fig. 1. An in- 
ductance is used for the grid potential return, rather than 
an ohmic resistance, because of the trouble experienced with 
the condenser and resistance leak combination, due to the 
slowness of such a system in returning to normal, after a 
sudden high potential surge such as is often experienced 
through induction effects on sets operating on commercial 
lighting circuits. The resonant period of the inductor and 
capacitator combination must be outside of the range of 
audio frequencies used. Actual test has shown this circuit 
to give appreciable equality of operation over the usual 
audio range, if the impedance of the choke is kept at least 
ten times as great as that of the output device. This is quite 
easy if a loud speaker of usual type is connected to the am- 
plifier output. In cases where the output potential is to be 
measured across a relatively high ohmic resistance, it is 
advisable to use an ohmic resistance leak in series with the 
choke as shown at R in Fig. 1. This resistor should have a 
value approximately 20 times as great as the resistance 
across which the potential is to be measured. 

By a simple alteration of circuit constants, the tube volt- 
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meter may be arranged for the measurement of potentials of 
the order of a few volts. In Fig. 3 is shown a circuit making 
available two ranges by the mere throwing of a double-pole 
double-throw switch. While the low range will not have 
quite as straight a characteristic as the higher range, it is 
still quite satisfactory, as will be seen from Fig. 4, which 
gives the curve for a range having a maximum of about 
seven volts. A very compact and convenient tube voltmeter 
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Figure 3—Circuit of Direct Reading Vacuum Tube Voltmeter Arranged 
for Measurement of Two Ranges of Potentials (0-7 v. and 0-70 v.) 


of the type described above is shown in Fig. 5. 

Like all vacuum tube voltmeters using a d-c. indicating 
instrument, the one described here will have its accuracy 
affected by the wave form of the potential under measure 
ment. It will be found to be considerably better in this re 
gard than some tube voltmeters, however. Those interested 
in the effect of wave form on the accuracy of various 1УреЗ 
of tube voltmeters, are referred to two recent articles ОП 
“The Thermionic Voltmeter” by Messrs. W. B. Medlam, and 
U. A. Oschwald, in the October and November, 1926 issues 
of Experimental Wireless and the Wireless Engineer. 

If calibrated by the use of a potential of good wav? 
shape, this tube voltmeter should retain an accuracy of aP- 
proximately 1 per cent of full scale for a considerable per!0** 
Briefly, the points upon which retention of its accuracy de- 
pends are, in order of importance: 

1. The accuracy of the plate meter, (directly dependent.) 
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2. Retention of the same value of series plate resistance. 
This value can be checked quite simply, however. By merely 
connecting the plate terminal of the tube socket to the nega- 
tive filament terminal, and lowering the plate potential 
somewhat, the resistance can be directly obtained by calcu- 
lation from the impressed potential and plate meter reading. 

3. Tube constants. If a tube with normal constants is 
selected, the low plate current and filament current result 
in retention of appreciably the same constants for a consid- 
erable period. 

4. Filament potential. Variation of 10 per cent causes 
a variation of less than 1 per cent in reading, and therefore 
accuracy is relatively independent of this factor within 
these limits. .. 

5. "Zero setting" of the plate meter. Setting for 10 
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Figure 4—Calibration Curve of Direct-Reading Vacuum Tube Voltmeter 
(0-1 v. Range) 


microamperes is important, but is extremely easy to check 
and, when set, practically never varies over 1% per cent even 
over a considerable period of continued use. 

6. Plate potential. As long as the zero setting is correct, 
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a variation of as much as 20 per cent in plate potential will 
cause less than 1 per cent variation in reading, up to the 
“cut off" point. This point, i. e., the point above which the 
plate current will not rise with increased input potential, 
will be lowered. This can be noted in Fig. 2, where the 
horizontal line marked “200 volts" shows where this point 
would be for this value of plate potential. 

7. Grid potential. It is not necessary to know the actual 
value, since this is set by watching the plate meter. Its 
numerical value is of interest only when one wishes to be 
sure that the tube is not acting as a load across the circuit 
under measurement, by drawing grid current. 


TEST ОЕ MULTI-STAGE А. F. AMPLIFIER 


It is important to arrange test conditions so as to ap- 
proach, as nearly as possible, those which will exist in actual 
operation. In this connection, the following points are im- 
portant: 

1. Input and output impedances should be the same as 
in actual use. ` 

2. Long input or output leads, or anything tending to 
produce interstage couplings which would not be present 
in normal operation, should be avoided. 

3. Values of input potential should be chosen so as to 
avoid overloading the output tube, and tests should be made 
preferably using two or more values of input potential, to 
discover any alteration in operating characteristics with 
varying inputs. 

4. If the amplifier input consists of a transformer wind- 
ing, provision should be made to have normal direct current 
flowing through the winding, if the latter is to be connected 
directly to a tube plate circuit, as is usually the case. 

5. Conditions of grounding or shielding should be simi- 
lar to those of actual use. 

In testing a complete amplifier, the types of tubes which 
are intended to be used in it are generally known. The only 
points which may be in doubt are usually the characteristics 
of the output device (loud speaker), and the tube (generally 
detector) which will precede the amplifier. Usually the am- 
plifier input will be in the form of a transformer primary 
winding, in which case amplification curves may be taken 
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with several values of series input resistance, and primary 
direct current. 

A simple circuit for use in obtaining the amplification 
characteristic is shown in Fig. 6. The adjustable resistance 
R, provides means for simulating the plate resistance of the 
tube preceding the amplifier. Р, should be small in value 
compared wih the impedance of the thermometer and os- 


Figure 5—Vacuum Tube Voltmeter. 


cillator output circuit. In case E, is appreciable with respect 
to R,, the sum of the two should be made equal to the de- 
sired series input resistance. By means of a source of 
adjustable potential E, and a milli-ammeter, a direct cur- 
rent, equal to the plate current of the tube feeding the input, 
may be set up in the input primary winding. 

If the amplifier input is a tube grid circuit, the oscillator 
potentials may be impressed directly thereon. In the case 
of resistance coupled amplifiers, the input will probably be 
in the form of a plate resistance. Various series resistances 
to imitate tube plate resistance, may be tried between this 
and the input potential source, but it will generally be un- 
necessary to put a direct current through the plate resis- 
tance. If there is doubt as to the ability of this resistance to 
carry the necessary current quietly, and without changing 
its resistance, it is advisable to investigate the resistance in 
question, separately. 

In cases where the amplifier input circuit is not fed from 
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a tube, electrical characteristics simulating as nearly as 
possible those of actual use, should be arranged at the point 
where the input potential is impressed on the amplifier. 

In case the characteristics of the loud speaker with 
which the amplifier is to be used are not known, it is gen- 
erally best to use a resistance in the output circuit of the 
value for which the output tube is designed. From the 
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Figure 6—Test Circuit for Transformer-Coupled Amplifler of Several 
Stages. 
TE 
curve thus obtained, and a knowledge of the plate impedance 
of the output tube, it is possible to determine by calculation, 
the characteristics of the amplifier with any loud speaker 


whose impedance characteristies are known. 


TESTING INDIVIDUAL AMPLIFYING TRANSFORMERS 


While it is the primary purpose of this paper to discuss 
the testing of complete amplifiers, the testing of individual 
audio frequency transformers is believed to be of sufficient 
importance to warrant a brief separate treatment here. This 
is а more specialized problem than the testing of completed 
amplifiers, but is of particular importance for design pur- 
poses. 

It should be noted that it is practically impossible to con- 
struct а test set up which will simulate accurately the circuit 
reactions to which a transformer will be subjected in а com: 
pleted amplifier. Thus it is recommended that not too much 
dependence be placed on results obtained from test of a 
single transformer, which is intended for use in a multi- 
stage amplifier. Features of interstage coupling, input and 
output coupling, tubes, transformers in other stages, and 
loud speaker characteristics, all enter into the problem, mak- 
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ing it exceedingly difficult to duplicate in the test of a single 
transformer, the conditions under which it will work in the 
completed amplifier. 

In Fig. 7 will be found a circuit which can be made to 
simulate to some extent, the characteristics of a single stage 
of a multi-stage amplifier. 

The remarks made previously in connection with Fig. 6 
regarding the input circuit adjustments, apply here also. It 
is recommended that the circuit be grounded at the points 
indicated, since these points will, in general, be at ground 
potential in the final amplifier. If the core of the trans- 
former is to be grounded in the final amplifier, it should be 
grounded during the test. It is important that the grid po- 
tential battery of the output measuring tube voltmeter be 
connected at the point indicated, and not in the grid lead as 
is sometimes done, otherwise excessive capacity will exist 
across the transformer secondary. If the grid-filament 
capacitance of the tube-voltmeter tube is not sufficiently 
close to that of the tube which is to be used on the secondary 
side of the transformer, either of two possible expedients 
may be used: 

1. An extra frequency run may be made with a small 
condenser C connected across the transformer secondary. 
From the two curves obtained, and knowing the grid-fila- 
ment capacitance of the tube voltmeter, and of the tube 
which is to be used with the transformer, it will be possible 
to determine the curve for the tube to be used by extrapola- 
tion. 

2. Use the type of tube which will be fed from the sec- 
ondary of this transformer in the final amplifier, and con- 
nect the tube voltmeter across a resistance in the plate 
circuit of this tube. Tested in this way, of course, the 
voltage amplification measured includes the amplification 
factor of the tube following the transformer. To get the 
voltage amplification of the transformer, it is therefore 
necessary to divide the values obtained by the amplification 
factor of this tube. 

If it is desired to determine the general characteristics 
of a transformer, so that its behavior with various types 
of tubes may be deduced, this may be done with fair accu- 
racy by calculations based upon certain measurements. To do 
this it will be necessary to find: 
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1. The curves of reactance and effective resistance varia- 
tion with frequency of the primary winding, with the secon- 
dary open. These must be determined for two or more values 
of secondary shunting capacitance, within usual or desired 
range of filament to grid tube capacitance, and with several 
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Figure 7—Test Circuit for Single Interstage Transformer. 


values of direct current through the primary winding. 
Values of direct current (simulating tube plate current) as 
high as the greatest which it is proposed to use, should be 
tried. 

2. The ratio of potentials across primary and secondary 
windings should be obtained for the entire frequency range. 
Here also it will be necessary to take measurements with 
various values of secondary capacitance, and primary direct 
current, and curves for the complete frequency range should 
be plotted. 

Then letting e, — Potential generated in plate circuit of 
the tube connected to primary winding, 

e, — Potential across the secondary, as result of е, in 
tube, 

r — Plate resistance of the tube, 

.R — Effective resistance of Transformer Primary, 

X — Reactance of Transformer Primary, 

E,/E,— Ratio of potentials measured directly across 
Secondary and Primary respectively. 

The following formula gives the relation between these 
factors: 


үа EM у 
= (E) утери УЕ + 
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Thus, with the aid of the curves, and this formula, it is 
possible to predict with fair accuracy the action of a trans- 
former with any tubes, knowing the plate resistance and 
plate current of the preceding tube, and the grid-filament 
capacitance of the tube following. 

Two suggested methods of making the measurement of 


Figure 8—Voltmeter Method for Determining Reactance and Effective 
Resistance of Transformer Primary. 


the reactance and effective resistance of the transformer 
primary winding are given below: 

' 1. By means of the ordinary inductance bridge, ar- 
ranged preferably with both the inductance and resistance 
values of its standards continuously variable. 

2. It is often desired to perform this measurement with 
a definite value of a-c. potential applied to the primary. In 
this case, the well known three-voltmeter method can be 
used to advantage. Fig. 8 shows in outline the circuit, with 
means for applying a d-c. potential to the primary. The 
reactance of the choke L must be sufficiently high with re- 
spect to that of the transformer primary to make the effect 
of the shunting circuit negligible, or its inductance value 
must be known and its effect allowed for in the calculations. 

The use of the tube voltmeter is recommended for ob- 
taining the values of V,, У„ and V,. The calculations in- 
volved in getting the values of primary reactance and effec- 
tive resistance from these potentials is well known, and for 
the sake of brevity will not be repeated. 


GENERAL DESCRIPTION OF AMPLIFICATION TEST METHOD 


After the apparatus and device under test is set up, and 
necessary adjustments to bring about normal operating con- 
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ditions are made as described in connection with Figs. 6 
and 7, there remains the choice of two methods of taking 
the amplification versus frequency characteristic. 

1. The oscillator may be set at various frequencies 
throughout the desired range, and a reading of the tube 
voltmeter taken for each frequency. From the data obtained, 
a curve of the amplifier characteristic may be plotted. This 
_ may be plotted either directly in output volts, or, by dividing 
the output potentials by the constant input potential, a curve 
showing the voltage amplification at each frequency can be 
plotted. The closer together the points have been taken, 
the more nearly will the curve show the operation at all 
frequencies. 

2. A quicker method, and one in which a -continuous 
measurement is made of all points along the frequency 
range is shown in general outline, with the necessary 
apparatus arrangement in Fig. 9. Here the shaft of the 


Figure 9—Audio Frequency Amplifier Test Set Up. 


oscillator variable condenser is geared, by some convenient 
means, shown here as the gears M and N, to a drum which 
is of the proper size to hold a standard sheet of plotting 
paper. Paper having a logarithmic scale for frequency, and 
linear scale for amplification is used. The ratio of the gears 
M and N is such, that the frequency lines on the plotting 
paper which come under the pen P as the condenser shaft 1s 
rotated, may be made to correspond with the frequency pro- 
duced by the oscillator at the moment. If then the distance 
of the pen P above the zero axis of the paper, is made to 
correspond to the output voltage reading of the amplifier, we 
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have a means for drawing the amplifier characteristic curve 
directly as the test is being made. 

By means of the arm and pointer H, which is pivoted at 
J, it is possible to follow the movements of the tube volt- 
meter microammeter needle. The movements of the arm H 
are communicated to the pen P through the lever L, and by 
proper shaping of the guide template K, it is possible to have 
the voltages measured by the tube voltmeter correspond to 
the deflection of the pen P in terms of the ordinate divisions 
of the plotting paper. Since the templates for the 70-volt and 
7-volt ranges differ somewhat in shape, they should be so 
constructed as to be removable and interchangeable within 
the curve drawing mechanism. Fig. 10 shows the drum, 
microammeter, pen, and attendant curve drawing mechan- 
ism. Fig. 11 shows this equipment attached to the beat fre- 
quency audio oscillator. 

If desired, the oscillator condenser may be rotated slowly 
by motor or clockwork, and the observer needs only to follow 


Figure 10—Curve Drawing Mechanism. 


the movements of the microammeter needle carefully with 
the pointer H. Upon reaching the upper end of the fre- 
quency range, the condenser drive is disconnected, and the 
paper removed from the drum. Upon the paper, the curve 
of output voltage vs. frequency for the amplifier under test 
will be found. 


2. Test for Wave Form Distortion 


Returning now to the second of the tests which are 
necessary in examining the operation of an audio frequency 
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amplifier, i. e., test of its ability to handle the necessary out- 
put energy without distortion of the impressed wave form, 
we find that test of this point includes determination of the 
input potential which will cause overloading distortion—and 
thus the permissible input potential—and for accurate data, 
involves determination of the percentage of harmonics 
which are added to the original frequency as it passes 
through the amplifier. 

The principal points in a transformer coupled amplifier 
where wave shape distortion may occur are, in the magnetic 
circuit of the transformers, due to excessive flux density, 
and in the tubes. If the transformers are well designed, the 
first point can be neglected. Distortion in the tubes will 
generally be caused by the non-linearity of the grid poten- 
tial-plate current characteristic, or by the grids of one or 
more tubes becoming positive with respect to their fila- 


Figure 11—Curve Drawing Mechanism Attached to A. F. Oscillator. 


ments. On high input potentials, one or more of the grids 
will become positive, and the resulting grid current and 
lowered grid filament impedance of the tube, will cause 
very serious distortion. This type of distortion is by far the 
more serious of the two caused by the tubes, and is probably 
the only type which would be noticed by the average person 
listening to the loud speaker output from the amplifier. _. 
It is often desirable to test an amplifier only for this 
more obvious type of distortion, and such a test is quite 
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simple. The tube which is generally the first to show signs 
of grid current is the one in the last stage. By putting a 
low reading d-c. milliammeter or microammeter in series 
with the grid of this tube, and gradually increasing the 
input potential, the maximum permissible input will be just 
below that value which causes the meter to read in a direc- 
tion showing that the grid is positive. (Most tubes have 
a small constant grid current in the opposite direction, 
which should be disregarded). It is advisable to make the 
test at several different audio frequencies, and if there is 
reason to believe that the grids of any of the other tubes in 
the amplifier are becoming positive, they: should be tested 
in the same way. 

For proper and safe operation, the amplifier should 
be capable of giving more output signal voltage than is 


Figure 12—Cathode Ray Osciliograph Tube Mounting. 


normally required, before any of its tubes show signs of 
grid current at any point of the audio frequency range. 
For those who prefer a method giving more accurate 
numerical indication of the amount of wave shape distortion 
present, analysis of the output wave by means of the cathode 
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ray oscillograph is recommended. If potential from the 
source feeding the input of the amplifier under test, is im- 
pressed across the “horizontal motion” plates of the oscillo- 
graph, and potential from the amplifier output is impressed 
across the other set of plates, a figure will be traced on the 
oscillograph screen, which will show, by its shape, with what 
fidelity the amplifier reproduces the wave shape impressed 
upon its input. Fig. 12 shows the mounting used by the au- 
thor for the cathode-ray oscillograph tube. To facilitate 
tracing the curves which appear on the screen, a hood was 
built over the tube mounting cabinet. One side of the hood 
cloth is shown drawn aside to permit a view of the tube. 

If a single straight line is traced, perfect fidelity and 
no phase shift is indicated. In cases where a phase shift 
occurs in the amplifier, the figure will assume an elliptical 
instead of a linear shape. This makes analysis of the figure 
more difficult, but the elliptical shape is no sign of wave 
distortion. It merely indicates that a shift in phase has 
taken place as the wave passed through the amplifier. Os- 
cillograph figures should be obtained for several frequencies, 
and for several values of input potential. Then by an appli- 
cation of harmonic wave analysis to the figures obtained, it 
is possible to determine the percentage of harmonics pres- 
ent, for various input potentials and frequencies. Depend- 
ing on the fidelity of output wave which is desired, the 
permissible input potential may then be determined. 

It is believed that an oscillographic test of this kind 
should be applied more frequently than it has been in the 
past, to the testing of audio frequency amplifiers. As the 
scope of this paper prevents further or more detailed dis- 
cussion, those interested are referred to a recent article on 
*Load Carrying Capacity of Amplifiers" by Messrs. F. C. 
Willis and L. E. Melhuish, in the October 1926 issue of The 
Bell System Technical Journal. 


3. General Operation 


The general points for test and examination mentioned 
under the third section are usually different for each ampli- 
fier, and no very definite rules for investigation procedure 
can be given. The method of investigation depends very 
largely on the particular amplifier, and no general rules can 
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be laid down. The experience and ingenuity of the test en- 
gineer must be relied upon generally to determine the 
method of test. Little if any definite apparatus can be 
recommended since these tests require, in many cases, 
merely intelligent and careful inspection. One important 
point may be mentioned in this connection, however, i. e., 
in regard to checking whether the proper plate potential 
is being used on the tubes in a resistance coupled amplifier. 
The plate potential may be measured with an electrostatic 
voltmeter at the plate of each tube while the amplifier is 
in operation, or else its value may be calculated from 
measurement of the plate current and plate coupling resis- 
tance value for each tube. | 

No attempt has been made in this paper to give anything 
but the essentials of audio amplifier testing. It will usually 
be found in practice that each amplifier constitutes to a 
greater or lesser extent a special problem, since each will 
differ from the others in certain points. The essential fea- 
tures to be tested for, together with a brief description of 
the apparatus found most suitable for making the tests, 
have been given. There are many other methods of taking © 
amplifier characteristics, but it is believed that the methods 
described here are as good as most of the other methods, and 
perhaps excel some in points of accuracy, convenience, and 
speed of measurement. 

In conclusion, the author wishes to acknowledge his in- 
debtedness to the following members of the staff of this 
laboratory :—Dr. Walter Van B. Roberts for valuable sug- 
gestions regarding the method of determining the general 
characteristies of individual amplifying transformers by 
combined measurement and calculation; Dr. Irving Wolf 
for the ideas embodied in the method of directly drawing 
amplifier characteristic curves described in this paper ; and 
Mr. David Grelich for his assistance in connection with the 
development of the tube voltmeter described. 

SUMMARY: The more necessary of the various points 
which must be tested in examining the performance of audio 
frequency amplifiers are outlined, and a method of test pro- 
cedure, found by the author to have desirable characteris- 
tics from the points of view of accuracy, speed, and 
simplicity of operation, is described. 

The method used permits the complete curve of amplifi- 
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cation vs. frequency for the amplifier under test, to be 
drawn directly by the test equipment in a very short time. A 
type of tube voltmeter found convenient for measurement 
of amplifier output potential is described. Brief discussion 
is given of the testing of individual audio frequency ampli- 
fying transformers, and some test methods applicable there- 
to are suggested. Amplifier wave form distortion, and 
overloading are discussed, and methods for the test thereof 
are recommended. 


VARIATIONS IN HIGH-FREQUENCY 
GROUND WAVE RANGES 


By 
A. H. TAYLOR 


(Naval Research Laboratory) 


The following information obtained from experimental 
work made by two naval ships on high frequency ground 
wave ranges is of interest because it indicates unexpected 
differences between day and night values, which are not at 
present predictable from theoretical consideration. 

The ground wave of a high-frequency station is usually 
recognized readily enough if observations are taken well 
within the normal skip distance area because the ground 
wave is normally quite steady; that is, free from fading. 
The observations herein reported were taken on frequencies 
in the 12,000 and 16,000-kc. bands at distances between 
zero and 53 miles. The power of the transmitter was 
approximately 100 watts in the radio frequency circuits. 
Probably 60 per cent of this power went into the antenna. 
In agreement with earlier observation it was found that 
ground waves traveled further over the sea than over the 
land, so that with daylight conditions on a transmitter of 
considerable power it was not easy to locate sharply the 
skip distance which made itself felt rather as a depression 
in the curve of audibility of the function of the distance 
rather than an absolute absence of signal, unless frequencies 
higher than 10,000 kc. were used. 

The daylight ground wave ranges of these transmitters 
working in the 12,000-kc. band were approximately 12 
miles, whereas the same transmitters had a satisfactory 
night range in the same frequency band of something some- 
what in excess of 50 miles. The extreme limit of audibility 
was estimated roughly to be about 75 miles. Actual obser- 
vations were taken at 53 miles. In the 16,000-kc. band the 
daylight ground wave ranges were not in excess of 3 miles 
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whereas the night ranges extended out to 22 miles in the 
same frequency band. These results can only be interpreted 
by supposing that there was some agency at work which 
produces a markedly greater absorption of the ground wave 
in the day-time than it does during the dark hours. If this 
were not true we would be forced to assume that we had to 
deal with some new kind of a sky wave produced by a very 
low refracting or reflecting layer. The absence of fading, 
however, makes the second possibility less likely. The writer 
is inclined to the opinion that the absorption of these very 
high frequencies must be greater in the day-time than dur- 
ing the dark hours even for those portions of the wave front 
which travel close to the earth and which are commonly 
spoken of as ground waves. No information is available 
from these particular experiments as to the state of polar- 
ization of these ground waves. | 

It might be that this information is only in line with 
what we know of somewhat longer wavelengths. A distance 
of 22 miles for a frequency of 16,000 kc. might be considered 
as comparable to the distance of 342 miles for a frequency 
of 1,000 ke. and of course it is well known that 1,000 kc. 
would suffer enormous variations in intensity at a distance 
of 342 miles, if one compared the night and day signals; but 
іп the past it has been pretty generally assumed that at 
1,000 ke. at a distance of 342 miles, the differences are due 
to the different character of the sky waves in the two cases. 

The Austin-Cohen transmission formula is not to be 
applied for night reception of 1,000 Кс. over the distances 
mentioned on account of the wave paths having been so 
utterly different in the two conditions of night and day. In 
other words, the sky wave, owing to the greater height of 
the refracting layer, is much more effective at night but in 
the case of the high frequency ground waves, which are the 
subject of this note, it is difficult to see how they can have 
had anything to do with sky waves at all unless they are 
waves of a variety hitherto unknown or at least un- 
recognized. 


A SUGGESTION OF A CONNECTION BETWEEN 
RADIO FADING AND SMALL FLUCTUATIONS 
IN THE EARTH’S MAGNETIC FIELD* 


BY 


G. BREIT 
(Carnegie Institution of Washington) 


The fading of radio signals has been referred to time 
and again as an interference effect. The suggestion that 
the upper atmosphere may be an important factor in en- 
abling electromagnetic waves to propagate over appreciable 
distances has been the origin and support of this view. The 
wave traveling along the ground and the wave arriving 
by reflection have been supposed to interfere. Within the 
last few years, however, it has become obvious that more 
than simple interference is involved. Thus short-wave trans- 
mission, i. e., transmission on wavelengths below 100 
meters in length, showed in the hands of Taylor and Hul- 
burt’ that beyond a certain range signals are received en- 
tirely by an overhead route. In spite of this fact, the signals 
show fading. Part of this is explained as a general shift 
in the height of the reflecting layer. However, this can be 
by no means all because much of the fading is rapid and 
does not correspond to the disappearance of the signal in 
the vicinity of the receiver such as occurs at the skip dis- 
tance. In fact, the experiments by Mr. Tuve and the writer’ 
on reflection of waves from the upper atmosphere showed 
that fading exists for the reflected waves quite indepen- 
dently of interference with the ground wave. Two sugges- 
tions have been made at the time as to a possible cause of 
the fading. One of them supposed the down-coming wave 
to be a result of the interference of two or more waves. 
During a discussion of the subject held at the Department 
of Terrestrial Magnetism, Dr. A. H. Taylor suggested that 
the Earth’s magnetic field might be the cause of some of the 
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fading. On examining the matter, the writer found t. 
Since the upper atmosphere must show magnetic dou 
refraction and since, therefore, there must be in gen. 
at least two possible rays between the transmitter апа 
ceiver, a change in the interference conditions of these 
rays must take place whenever the Earth's magnetic 
changes. The change in the relative phase of the two 
turns out to be large even if the Earth's field ch 
slightly. Several gammas (0.00001 Gauss) may tw 
plane of polarization of the ray through 30 deg. Asa: 
the vertical component of the electric intensity n. 
changed from 0 to its maximum value in a field 
gammas. The interference effects here discussed ar: 
the passage of the ray through an appreciable thic: 
ionized air. If the rays are reflected, the interferen: 
can not be nearly as pronounced. А study of the m 
of fading in connection with small fluctuation- 
Earth's field may lead, therefore, to an underst: 
the manner in which the ionization increases 
height. 

Some simple calculations are given below 1: 
show how the interference conditions may chan: 
same time the effect of а change of frequency 
ionization are estimated. The calculations do т 
to be exact. They are intended to show the orde 
tude of the effects. 

Before performing the calculations we shal’ 
assumptions about the nature of propagation of 
which will be used. We suppose the upper at 
be partly ionized into electrons as well as hea, 
neglect the effect of heavy ions and consider 
electrons alone. The density of free electro: 
to increase with the height up to a certain le 
netic field of the Earth affects the motion of « 
manner discussed by Appleton’ as well a 
Schelleng*. We calculate below the effects o 
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leading to a solution of the type 


cos hs . ax 
sr TEL (9) 
è А 2xrv 
The phase of the wave at any point is с = | —— ds, the 


V 
integral being taken over the path followed by the ray. If 
e changes by т, the interference of the ray with another one 
of constant phase is changed from constructive to destruc- 
tive. We are interested, therefore, in the phase difference 
A Ф for the two rays if we are to determine the polarization 
of the wave at the receiving station. A change in the 
Earth's field 3H produces а шве dâp in the phase differ- 


ence Ay. If this change 5А, = —, the direction of polariza- 


tion of the resultant linear nc is turned through 90°. 
We must obtain у for either ray on the supposition that the 
position of the receiving and the transmitting stations is 
kept fixed. If the distance between them be l, formula (5) 


е l ә . е е 
determines 9, = ™. Now, in general, if д is the refractive 
T 


index 


ge om? m ds = "T GR) )& 


provided the refractive index varies only with the height 

and provided it is unity at the surface of the ground. Using 
(5) 
а? 2 
1+ —- 

27V у 1-+ 81" 0, sin’ 6, (T) 


P— € | sn, BOB 


( А = - == wavelength ) 


Keeping the range l and the frequency v fixed, we suppose 
the Earth's field H to have undergone a variation 3H. This 
changes а? on account of a change in v, (see (4) ). The 
change іп 9 due to ёа is 


а? [ 1 
елу al “a Al A 
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where 7A — a, and 


0 Ap = ê ( p — p1) = т 


l (Sr 8A, AP—1 ie) 


kA AL A, Al А, 

It follows from (4) that 2 = =a mE n T us — 
25. а Remembering also that H- 8H =v," we 
have 


2X А ooo T Al v+v | H 
(9) 


а ту (Sa Vo АгР—1 v 6H 

Let ! — 0, then 

_ т1{/1 Vo 1 Vo 6H 
aai, v—n A vpo )H 

The quantity A, may be obtained in this case from the height 

h to which the wave goes. It is easily shown to be for this 


case A, = + so that for zenith reflection 


T mh v, v—v, \* \ 8H 
0000 а (tt (xx) )ҥ 
(10) 


If h = 100 kilometers and A —.70 meters, then В ан 1% 


v — 0, 
e ‚т 6H ; 
and 8 ( Ay ) = — 8.8 X 10 2H Hence a change in H by 


3205 part of its whole amount would turn the plane of 


polarization of the downcoming beam through 90 deg. This 
would cause very severe fading even at a short distance 
from the transmitter for a change of 13,( — 13 X 10° 
Gauss ) in the Earth's field. А field one-third of that amount 
would cause appreciable fading. Variations of that order of 
magnitude in the Earth's field are very frequent and may, 
therefore, cause an appreciable amount of fading. 

Although formula (10) applies strictly to the case of 
zenith reflection, it is a good approximation to (9) for con- 
siderable ranges because A,l becemes equal to unity [for 


the number chosen above] if l= 300 kilometers. For 150 
kilometers (10) is still а reasonable approximation. This 


suggests a connection with the distance of maximum fading 
for broadcast wavelengths. This may be determined in addi- 
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tion to the proportion of ground and reflected waves by the 
fact that for a certain l, 849 in accordance with (9) must 
vanish. Since in formula (10) the phase velocities (2), (8) 
have been used and since these velocities cannot be applied 
well for short-range transmission, we should expect the fad- 
ing to be greatest some place between /[— 0 and l= 800 
kilometers. 

Formula (7) gives also the change in the condition for 
interference if the magnetic field of the Earth stays con- 
stant and the frequency of the signal is changed. Using a’ 


as given in (4) эс M с. 
v — V5 v 
2 cc de Дае ДИ and hence 


a, V H v 


$ (2 А,0—1 v". Y 
Po" ANAL ^ 24,1 то, 7 


2 A/L—1 mv, їз 


— 


е, 2А, 1 vty, v 
_ 1 1 ,1—AÀ;0UL v, 
ô (9, — $1) = zm (an ш We 4A, 1 ramen ea 
1— A’? v, 8v 
4AL vt+r, 


For short range transmission this becomes 


(+ 2) ] ua M 


With А — 70 meters and = ES ei kilometers à ( о, — p, ) = 
bv 


TN 1500 °— i E 
2 X 1400 23 Hence if ??. 5579700 A the direction of polari 


zation is rotated through 90°. This corresponds to a fre- 
quency change of 3000 cycles per second. Hence even a 
frequency change of 1000 should produce an appreciable 
effect on the intensity of the received signal. 

Finally, we estimate for the above case the change in 
e; — ¢, Which is produced by a change of ionization. We find 
in a way quite similar to that just used that 

т l fAZP—1 | Aj/PL—1 N8N 

ô ( p: — n) =3 тарна No (13) 


(11) 


v 
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where »N is the change in the number of electrons per unit 
volume. For short-range transmission this becomes 


Mc E eee Lt m (14) 


| 2 A V — V, 
With the numbers used above, a rotation through 90° is 
..%№ 1 | | "E 
produced if WN 18007 Since changes in the ionization are 


presumably responsible for changes in the Earth's field, it 
is reasonable to suppose that (9) and (14) should be com- 
bined in any actual case in order to give the resultant 
change. 

In the above we have constantly referred to the short 
wavelength region ( v > v, ). If the wavelength is long, i.e., 
if v < v,, only the ray defined by (3) returns to the Earth. 
If this ray interferes with the ground, wave effects quite 
similar to those just discussed are produced. Formulas (9), 
(11), (13) must be modified, however, by. omitting the 
terms in A,. The order of magnitude of the effects is still 
the same. | | 

Even though $ ( », — у, ) is the same for a considerable 
range according to (9), (11), (13), the fading produced 
may vary considerably over that range. Thus the value of 
6, — e, is very important because it determines whether the 
electric vector of the downcoming wave is horizontal or not. 
The same fluctuation of H may produce, therefore, a re- 
enforcement of the signal in one place and a diminution in 
another. | 

Small frequency changes are, of course, known to pro- 
duce an effect on the intensity of the received signal. It is 
also known that interrupted continuous waves show less 
fading on short wavelengths than continuous waves’. It is 
somewhat difficult to point out definitely what has been 
happening in the experiments just mentioned. For short 
wavelengths, however, it seems certain that the fading must 
be entirely due to the condition of the wave returned by the 
upper atmosphere. The high “resolving power” of the inter- 
ference apparatus in that case demonstrates a behavior 
similar to the one discussed above. It cannot be interpreted 
on the basis of interference with the ground wave. It must 
be also remembered that experiments by Mr. Tuve and the 
writer (loc. cit.) showed that the reflected wave shows fad- 
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ing which is sufficiently great to explain an appreciable 
amount of the general fading. 

The influence of magnetic storms on transmission has 
given opportunity for considerable discussion. However, it 
would be dangerous to maintain that the simple calculations 
given above explain the effects observed. Presumably mag- 
netic storms are accompanied by large changes in the ioniza- 
tion of the reflecting layer. A complete explanation must, 
therefore, be based on formulas corresponding to both (9) 
and (13). 

SUMMARY: The state of polarization of a radio wave re- 
turned by the reflecting layer is studied as a function of 
(a) small changes in the intensity of the Earth’s magnetic 
field, (b) small changes in the frequency of the wave, and 
(c) small changes in the ionization of the atmosphere. 

It is shown that for the special electron distribution con- 
sidered appreciable effects on the intensity of the signal are 
to be expected for fluctuations in the Earth’s field of the 
order of 5 gammas, for changes in the frequency of the 
order of 1,000 cycles, and for changes in the ionization of 
the order of one part in 5,000. [The number applies to 
à = 70 meters. ] 

The dependence of fading on range indicates that there 
is a certain range of maximum fading which is of the gen- 
eral order of 100 miles. | 


APPENDIX 


It seems that a certain amount of justification is needed 
for using Snell’s law and for discussing two rays only. This 
is obtained by the following considerations. 

1. Equations of propagation in a homogeneous magneti- 
cally active medium. The equations of propagation in a 
. magnetically active medium are generally well known. How- 
ever, it seems that in their applications to radio some mis- 
conceptions have arisen. For this reason it will be well to 
summarize the important facts. It is supposed that the 
wave propagating through the layer is monochromatic and 


has a frequency v = = . The medium through which it 
т 


propagates is supposed to contain N electrons per em’. Each 
electron has a charge e and a mass m. The forces acting on 
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each electron are as follows: (a) The electric intensity 
( E,, E,, E, ) e*t of the wave, (b) the force ( P, P,, P,) 
where P is the polarization of the medium, (c) the force 
due to the Earth's magnetic intensity ( O, O, H, ) supposed 
here to be constant and directed along the axis OZ, the mag- 
nitude of this force being £ (y, —х, О ) H,, and (d) the 
forces which are brought about by collisions. 

Denoting the displacement of an electron from its posi- 
tion of equilibrium by (<x, y, z ) we have 

( Pa Py, P, ) = Ne (2,7,2) 
Thus the — of motion are neglecting d d ). 


— © gom. t. 4 ve 
у = = Ee mo Hee er (1) 
n € i Aa Ne’ 
amp cc ddr ur | 
К | : N 3 
For most purposes we can neglect the terms in ы < 
with the result that Maxwell’s equations become 
oH, Н, __ dE, 
у dz [аже - 
oH, 4 _ 
oz əx Cc Ts va a (2) 
oH, | oH, EP a ob, 
л dwy + Ar 
h E Ar Ne B= Ат Ме? ©” 
where emote)’ — m  «e(w —w)' 
E , and — L n = curl E. 
а) 


If a plane wave is possible, all the quantities involve exp 
= (12 + ту 4+ nz — Vt). Substituting in Maxwells 
NE we have: 


а H,— mE, —nE,; mH, — nH, = — us [(1+a)E,—ipE,] 
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© Н; = nk, — lE,; nH, — lH, =— T [88.4 (1--a) E,] 
(3) 
YH, = IE, — mE; IH, —mH,—— 5 (1 +yJ)E, 
whence | 
E, AS E, = E, 
n(1A—imB) n(mA+iB) АВ (Г Кт) А 
УН, У н, 
с C 
Am(A-—BHE-—A)—iwiB 1(B+A—A’) —in' mB 
V 
i eH (4) 
тС т) В 
where | 


These equations determine the polarization of the wave if 
l, m, n, V are known. In order to find V, eliminate E,, E, 
E. H,, H,, Н, in (3). Then we find 

( A'—B')(C—m)--(w—1)AC—0 (5) 
or letting 


V? 
we have | 
u(pwtqu-+r)=—0 (7) 
where 


р= (1+у) (1+) —g— (14у) (1+ 
ata(1+y)] 
q=—2(1+e) (1+y) + (nv—1)[(1+4)(a—y) 
— В ]==—2(14+а) (14у) +/v—1)(a—y) 
T sg + у + ( Ww — 1 ) (уа ) = 1 + y + (1 —1) (y—2) 
For every n there are two roots of (7) which are not iden- 
tically zero. These roots correspond to two possible veloci- 
ties of propagation in a direction making a givenanglecos^n 
with the field Н. The roots are real if q^ > 4 pr and complex 
if q' < 4 pr. Thus either both waves are possible or none. 
2. Propagation of waves in a non-homogeneous medium. 
We shall suppose next that the concentration of electrons 
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varies from point to point in the medium in a known man- 
ner. Thus N is a known function of x, y, z. We shall further 
suppose that within a wavelength N ( x, y, z ) is practically 
constant. Under these conditions we can discuss the propa- 
gation of waves in the medium by means of geometrical 
optics to a certain extent. 

Let us suppose first for simplicity that the magnetic field 
is absent so that the medium is isotropic but non-homoge- 
neous. This case is well known and forms the basis of Hamil- 
ton's theory of dynamics. The fundamental equation to 
solve is the wave equation | | 

Su òu òu 1 ou 
oro! uy l г [Ví(mws)lYeC 
subject to the condition that u is a periodic function of the 


—0 (8) 


time having a frequency v — a This reduces (8) to 


Au + A и = 0 (8') 


The statement that geometrical optics give an approximate 
solution of the problem is equivalent to saying that 


и = C exp 2riv (Ју) (9) 
: : ' : ds . | 
is а sufficiently exact solution of (8) where f vy 18 the 


path difference expressed in seconds, the integral being 
taken over a possible ray, i. e., subject to the condition 


ds 
s (5 =0 | (10) 
by Fermat’s Principle. Substituting (9) into (8) and let- 
ting Е 
dx 
S5 = с 11 
i (11) 
we have 


EMIOEIORIOSER 


Fermat's Principle and the construction of Huygens bein 
equivalent, it is found without difficulty a 


(3) «(S «(Еу -r= н 


so that (12) is satisfied provided AS may be neglected in 
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comparison with 


Us or provided the change in y per unit 


length when multiplied by sis negligible compared to 


unity [because eis of the order of Э. y ]. This means 


1 V À T4 


that 21) dx 2r 


««lor 


| < <1. Thus the 


relative change in V in 2. fraction of a wavelength must 


be negligible in comparison with unity. 

The above reasoning is well known and has been made 
use of recently by Louis de Broglie' in a quite different con- 
nection. So far it applies only to non-polarized waves. Our 
first problem is to see what happens in the case of polarized 
electromagnetic waves. The equations of propagation are 
€ ( T, Y, zZ ) ok 


curl Н — С at (14). 
- 1 0. 


where « is the effective dielectric constant of the medium, 
viz, 1 + 4r m This e is supposed to vary from point to 


point. However, the variation іп e is supposed to be slow 


so that 00: < < А 


Since the components ої E апа Н 


‘satisfy the wave equation with V = £ we could try to use 


(9) for the components directly. However, we must satisfy 
not only (14) and (15) but also the relations 

div H=0 . (16) 
as well as (14) and (15). Solutions given by (9) will not 
necessarily satisfy either of these equations. It is known, 
however, that a scalar y and a vector a each of which satis- 
fies (9) can be used to express E and H as 


= 1 òa 
E = — ce Ae (18) 
Н — curl (19) 
provided iud A div ?® (20) 


c УК = 
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and provided e satisfies the condition of varying slowly [as 
defined above]. The proof of this is quite similar to that in 
the well-known case of constant є and need not be given. 
Ап equation equivalent to (20) is 


wot diva=0 (20) 
which is well known for V — c. 


The case of a plane polarized wave in a homogeneous 
medium can be obtained by letting 


a, = — сЕ, sins (1—5 ). Q,2—(0,—0; o=0 (21) 
o 


This wave travels along OZ, and has its electric vector along 
OX, while the magnetic vector is along OZ. 

А plane wave making an angle 0 with 03 and polarized 
with its electric vector along OX is similarly represented by 


cos 0 sin 0 
je NL OMEN" 
(22) 
The wave normal for this wave is the line —— . The 


cos 9 = т sin 6° 


solution (22) applies to a homogeneous medium only. If the 
medium is not homogeneous, we apply solution (9) to a, so 
as to satisfy (8). Equations (14), (15), (16), (17) are then 
also satisfied if (18), (19) are used. Thus this wave travels 
without change of polarization. The amplitude of the elec- 
tric intensity is found to remain constant Pd the path, 


while the magnetic intensity at any point is v of the orig- 
inal. This corresponds also to the fact that the ratio of the 
electric and magnetic intensities in the wave is A з 


Suppose next that the wave normal is іп the zz plane. 
For a homogeneous medium 


cE,cos0 . ( eeose teene) 
О = — sin of t ——————————— 
w C 
a, —0 (23) 
a, — + £8 sin 0 sin o(t— xr | 


In order to find the solution for the non-homogeneous med- 
ium [the non-homogeneity being confined to the direction 2] 
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we suppose s to be determined by (10) and the quantity 


= sin u ( ио to be the value of и for 
V=c. We then try 
а, = и cos ( 82 ), a, = 0, а, = — u sin (sz) (24) 


cE, . ds 
м==— sine (t— f y) 


Introducing (24) into (8) we are concerned with expres- 


XT) du d 
qi 008 (82) + 2 sx ag (608 (sz) )+u 


sions of the type 


2 cos (sz). The particular non-homogeneity assumed 


makes =. cos (sz ) = 0. However Il ( cos sz) ~0. This 


du d ( соз sz ) 


contributes a term of the type . But cos ( sz) 


52 МҮЛ 
oS ò oV oS es 
= V —and — cos ( sz ) = — — L ve to 
Ko => 608 ( ) v аи So we ha 


| е i [әу />5\' 
consider іп (12) additional terms za sz (ъс) +V 
oS 5:5 


dz o2 [ 
made us disregard AS makes us disregard these terms as 
well. 

The propagation of a wave in an isotropic medium thus 
presents no difficulty. If the medium is rendered non-isotrop- 
ic through the influence of a magnetic field and if the 
terms in “ Bc occurring in (1) may be neglected, the two 
possible velocities of propagation in a given direction ( l, m, 
n) may be determined by means of (7) and the states of 
polarization corresponding to each of these velocities are ob- 
tained by (4). If it is at all possible to discuss the propaga- 
tion of waves by means of rays, then the rays must obey 
Fermat's Principle of least time. "Therefore, we arrive at 
the following synthetic solution of the problem. While the 
plane wave is in a region of the atmosphere in which the 
electron density is zero, we may consider it resolved into two 
plane waves with such polarizations that on entering the 
refracting portions of the atmosphere each of these has a 


A consideration quite similar to the one which 
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polarization satisfied py (4). From there on each wave is 
supposed to be bent in accordance with Fermat’s Principle 
keeping its polarization determined by the particular root 
of (7) chosen for it in the beginning. 
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NOTE ON PIEZOELECTRIC GENERATORS 
WITH SMALL BACK ACTION 


By 
A. HUND 


` (Bureau of Standards) 


A number of circuit arrangements suitable for automatic 
piezo control have been devised. Three such arrangements 
are shown in the Figures. 

In Fig. 1, the piezoelectric element is connected between 
the grid and a copper cylinder which is free to move over 


COPPER CYLINDER 
OPEN OR CLOSED. 


Figure 1 


the coil in the plate circuit. The copper cylinder can be 
closed (forming a single turn) or open (axial cut.) The 
latter is more efficient since no appreciable power dissipation . 
can take place in the cylinder, while the first method pro- 
vides good tuning over a considerable frequency range. 
Experiments have shown this arrangement to be useful. 
The back action is very small since the piezoelectric element 
is coupled through distributed capacity to the plate branch. 

In the arrangement of Fig. 2, two tubes are used. Tube 
1 contains the ordinary piezo oscillator. Tube 2 delivers the 
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load. The same grid variations take place as on the grid of 
tube 1 but without loading it appreciably. 

In Fig. 3, the same scheme i is utilized with the exception 


that a coupling condenser C is used between the two grids 
and a grid path r and a voltage in series are inserted. 
Additional plate voltage taken from B, can be used for in- 


tg 


Per ж 


T- A, +9 Sal zaye 2 6, + 
Co 
Figure 3 


creasing the output. With this circuit the last tube can be 
adjusted to the proper point of the dynamic characteristic 
while the leak р of the first tube is used for producing proper 
amplitude of the current in that circuit. 


STANDARD FREQUENCY DISSEMINATION * 


By 
М. б. STROCK 
(Assistant Physicist, Bureau of. Standards) 


In the radio laboratory of the Bureau of Standards, the 
term “standard frequency dissemination” designates that 
phase of the work devoted to making frequency standards 
widely available. The Bureau does this in a number of ways 
including the calibration of piezo oscillators and frequency 
meters, but this paper deals with the standard frequency 
disseminations through the medium of radio transmission. 

The basis of this scheme depends upon the fact that a 
standard of radio frequency may, neglecting the effects of 
interference, be transmitted over great distances and re- 
produced at the receiving station with an accuracy equal to 
that attainable at the source of the frequency. Hence, if a 
radio transmitting station is operating on a constant fre- 
quency of accurately known value, that station serves as a 
disseminator of the frequency over an area determined by 
the effective range of transmission and reception. 

The Bureau of Standards has three avenues for this 
means of standard frequency dissemination. First, stan- 
dard frequency transmissions; second, selection by actual 
frequency measurements of certain transmitting stations 
which are termed “standard frequency stations ;" third, the 
selection of certain “constant frequency stations" which 
maintain their frequencies close to the licensed values. 

The standard frequency signals are transmitted from the 
Bureau's station WWV and from other stations which are 
equipped to make the transmissions with accuracy and regu- 
larity and which employ frequency standards in agreement 
with those used at the Bureau of Standards. Announce- 
ments of these transmissions are made from time to time 
in the Radio Service Bulletin, in the newspapers and in 
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radio magazines. The transmissions from the Bureau of 
Standards have been maintained approximatelv once each 
month since 1922. Prior to October, 1924, the range of fre- 
quencies covered was from 125 to 2,000 kiloeyvcles, but since 
that date this has been extended to 6,000 kilocvcles. Evi- 
dence of the importance and general use of these trans- 
missions was given by the fact that an announcement of 
their possible discontinuance in April, 1926, brought many 
objections from various laboratories. 

In cooperation with the transmissions from WWV, 
similar transmissions were established from station 6XBM 
at Stanford University, California, in September, 1924. A 
standard frequency meter was built at the Bureau of Stan- 
dards, given an initial calibration, and shipped to the Uni- 
versity. A final calibration in terms of the Bureau's fre- 
quency standard was obtained by means of harmonics based 
upon a few fundamental frequency values. The values were 
determined by simultaneous measurements of transmitting 
stations by observers at the Bureau and Stanford University 
and from a small frequency meter having a number of fixed 
points determined in the Bureau's laboratory. The trans- 
missions from 6XBM were terminated in June, 1926. 

During the past year and in cooperation with the Bureau 
of Standards, standard frequency transmissions have been 
established from station 1XM, Massachusetts Institute of 
Technology, and from station 9XL, Gold Medal Flour Co., 
near Minneapolis, Minn. These transmissions cover the 
higher frequencies of direct value to amateurs. 


Recently the accuracy of the standard frequency trans- 
missions from WWV has been somewhat increased. Here- 
tofore the transmission frequencies were determined by 
reference to primary standard frequency meters having high 
precision and constancy in calibration. The transmissions 
are now based upon a single frequency value of a quartz 
plate used in a piezo oscillator, checked during transmission 
by a standard frequency meter. A special advantage of the 
piezo oscillator as compared with the frequency meter is 
that it is unaffected by any power fluctuations which may 
occur in the transmitting set, but a change in the trans- 
mitted frequency is manifested in the head phones connect- 
ed to the piezo oscillator by a deviation from zero beat. 

The measurements upon standard frequency stations 
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have been regularly maintained since November, 1923, and 
the results of these measurements are published monthly 
in the Department of Commerce Radio Service Bulletin. 
Only stations sufficiently close to the Bureau of Standards 
laboratory to be regularly and reliably received are 
measured. The number of stations that can be listed is 
necessarily limited. At the present time there are thirteen 
standard frequency stations, and these lie within the fre- 
quency range from 17 to 1,000 kilocycles. 

For the measurements of the frequencies of the stan- 
dard frequency stations the Bureau of Standards now has 
two completely equipped laboratories. One of these is located 
at the Bureau, while the other is situated near Kensing- 
ton, Maryland, in a location which is almost entirely free 
from interference from electrical machinery and electrical 
apparatus. 

The apparatus for measuring the frequencies of distant 
transmitting stations comprises a receiving set, a local gen- 
erator, and a frequency meter. The generator is tuned to 
zero beat, and it is then exactly reproducing the frequency 
of the distant station subject to a slight error due to an 
audible beat in the band of audio frequencies approximately 
32 cycles in width. The frequency of the local generator is 
then measured by means of the frequency meter. In the 
case of measurements of transmitting stations having fre- 
quencies of approximately 25 kilocycles or less, the width of 
the audio frequency band in the region of zero beat is 
sufficiently wide to introduce objectionable error in the 
measurements. To overcome this, a method is employed 
which involves adjusting the variable condenser of the local 
generator so that an audible beat of equal pitch is heard 
each side of the condenser setting corresponding to exact 
zero beat. A type of variable condenser is employed such 
that the changes in dial setting are directly proportional to. 
the. change in its capacity. The true zero-beat setting of 
the condenser is therefore located half-way between the 
settings giving the beat of equal pitch. Another method is 
to adjust the local generator until the beat produced matches 
the beat from an audio tuning fork having a frequency of 
accurately known value. 

Improvements in the accuracy with which station fre- 
quencies can be measured have recently been made. One of 
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these improvements is merely a refinement of the original 
method and involves the use of a frequency meter so con- 
structed as to give high precision. A method of securing 
increased accuracy in the measurements which is somewhat 
new in its application is through the use of a heterodyne 
frequency meter in conjunction with a piezo oscillator. A 
heterodyne frequency meter is a generator constructed to 
give, high precision and provided with calibration curves 
plotted to a large scale. In making a station measurement, 
the zero-beat adjustment is obtained in the same manner as 
before. The setting of the condenser of the heterodyne 
meter is then noted and although this is read to a high degree 
of precision, the frequency corresponding to it is not highly 
accurate. This is due to the fact that the calibration of the 
heterodyne meter does not remain constant. A correction 
for this frequency is obtained by utilizing harmonics from 
the piezo oscillator and the heterodyne meter. These points 
are then located upon the curve sheet and determine a new 
curve of high accuracy which is exactly similar in shape to 
the corresponding portion of the original curve. The inter- 
section of this new curve with the station setting of the 
heterodyne meter is the true frequency of the station. The 
accuracy of this method may be extended to a very high 
order, the principal limitations being the accuracy of cali- 
bration of the piezo oscillator and the effects of temperature 
and humidity upon this calibration and the scale chosen for 
the calibration curves of the heterodyne meter. 

Since the number of stations upon which frequency 
measurements can be made is limited, an additional scheme 
for compiling a list of stations that may serve as standards 
was adopted by the Bureau. These are the constant fre- 
quency stations listed each month in the Radio Service 
Bulletin. In April the list included approximately 5 per cent 
of the broadcasting stations in the United States. The 
selection of these stations depends upon the nature of the 
transmitting equipment which must not be subject to sud- 
den changes in frequency, upon care and diligence on the 
part of the station operators, and the use of a special device 
for determining the station frequency. The special device 
may be a frequency indicator or a piezo oscillator. 

The standard frequency dissemination work herein de- 
scribed is furthered by the issuance of mimeographed publi- 
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cations on methods of utilizing station frequencies, and ap- 
paratus for station frequency regulation. The Letter Cir- 
culars, obtainable by request from the Bureau of Standards, 
are named below. 

Letter Circular 171, “Methods and apparatus for meas- 
urement of the frequencies of distant radio trans- 

| mitting stations.” 

Letter Circular 180, “Specifications for frequency indi- 
cator, Bureau of Standards Type B, for use in 
radio transmitting stations." 

Letter Circular 186, "Specifications for portable piezo 
oscillator, Bureau of Standards Type N." 

Letter Circular 214, “Requirements of constant fre- 
quency stations.” 

Letter Circular 223, “Use of the piezo oscillator in radio 
broadcasting stations." 
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FORMULAS FOR THE CALCULATION OF THE 
CAPACITY OF ANTENNAS* 


By 
FREDERICK W. GROVER 
(Union College) 


A knowledge of the capacity of an antenna is of impor- 
tance in calculating the natural wavelength of an antenna, 
for purposes of design and in the comparison of different 
types of antenna. Only the electrostatic capacity will be 
here considered. If the wavelength used is large, compared 
with the length of the antenna, this may be regarded as 
giving the effective capacity of the antenna. 

The capacity of a conductor is defined as the quotient of 
the quantity of its charge by its potential. The potential is 
the sum of the potentials given it by its own charge and by 
the charges on the earth and on all the other conductors of 
the system. The effect of the charges on the earth is taken 
into account by including in the system image wires, one for 
each of the actual conductors. Each image wire is supposed 
to be placed as far below the surface of the earth as the con- 
ductor to which it corresponds is above the surface of the 
earth, and to carry a charge equal and of opposite sign to 
that upon the conductor, to which it corresponds. 

Exact formulas for the capacity of a conductor are 
known in only a few instances, and unfortunately even the 
simplest case of a single horizontal cylindrical wire antenna 
would seem to offer great mathematical difficulties. 

The known exact formula for the capacity of an isolated 
ellipsoid has sometimes been used, the longest dimension of 
the ellipsoid being taken equal to the length of the wire and 
the other two axes each equal to the radius of its cross sec- 
tion. However, the surface of such an ellipsoid does not coin- 
cide at all closely with that of the cylindrical wire, as the 
ends are approached, and in addition no account is taken of 
the effect of the earth. 


*Presented before the American Section, International Union of Scientific 
dio Telegraphy, April 21, 1927. 
Received by the Editor June 8, 1927. 
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The formula for the capacity of two parallel wires of 
infinite length is well known, and thus, by considering one 
of {hese fo represent the image wire, the solution is at hand 
for n horizontal wire whose length is very great compared 
with ifs height above the earth. This condition is, however, 
not satiated with the usual single horizontal wire antenna, 
nnd thus the assumption that the capacity per unit length 
iu (he samme as for an infinite wire of the same diameter, 
рїнє at the same height above the earth, gives only an 
npproxitiate value for the capacity. 

‘the charge distribution on an infinite horizontal wire is 
unifoirin in the direction of the axis. That is, the charge on 
the: cylindrical surface intercepted between planes perpen- 
iii шаг to the axis and taken one cm. apart, is everywhere 
the sare, Furthermore, the potential at an external point, 
due to the charge on the wire is very closely the same as 
Ihough the same charge were distributed with a uniform 
linear density along the axis of the wire. In the case of a 
finite horizontal wire, on the other hand, the charge density 
is manifestly greater at the ends than at the center. 

Supposing, however, that a charge be distributed uni- 
formly over its cylindrical surface, the resulting potential 
may be calculated for different points of its surface. These 
potential values differ very little except for points quite 
close to the ends, and only at the extreme ends does the 
potential drop appreciably. The potential given to the wire 
Ly a uniform distribution on its image wire is practically 
constant over its whole length. 

We may assume the value calculated for the middle point 
of the wire as fairly representative, and assume it to give an 
approximation to the true value which is better than that 
obtained from the formula for the infinite wire. This pro- 
cedure Was used in obtaining the formulas derived by the 
author and published in 1917.* 

The variation along the wire of the potentials calculated 
on the assumption of a uniform charge density, shows that 
such a distribution could not be in equilibrium. The fall of 
potential toward the ends would cause charge to flow from 
the center toward the ends thus lowering the potential at 
the center, and raising it at the ends, until the whole wire 
would reach a uniform potential. This would have a value 


ures of Stindards Cireular 71, "Radio Instruments and Measurements" 


Grover: Formula for Calculation of Capacity of Antennas 735 


which would evidently be less than the value previously cal- 
culated for the center, and greater than that calculated for 
the ends. 

We may assume, as was done by Howe,* that the average 
of the potentials calculated for a uniform charge density, 
taken over the conductor, is a good approximation to the 
true equilibrium potential. The following summary shows 
the differences between the various approximations above 
enumerated in the case of a horizontal wire 50 ft. long, 
0.01 ft. in diameter, and placed 25 ft. above the earth. 


RELATIVE POTENTIALS 
Isolated Earth Effect 


Included 
Infinite Wire Assumption 18.420 
Isolated Ellipsoid 18.420 
Uniform Charge Density, Center 18.420 17.458 
Howe’s Assumption 17.807 16.874 


An idea of the accuracy of the Howe assumption has 
been obtained by the author of the present paper by a 
method of successive numerical approximations to the true 
distribution of charge and the equilibrium potential, in two 
special cases. For the wire above assumed, isolated in space, 
it appears that the Howe’s approximation to the potential 
is 0.2 to 0.3 per cent too large. For the same wire, arranged 
in a vertical position, with its lower end only one foot from 
the ground, the error is about 1 per cent, and in the same 
direction as before. 

Such calculations are laborious and time consuming, and 
each new combination of wires has to be treated as a special 
case. Thus, no general statement can be made as to the accu- 
racy of the Howe approximation in the case of more compli- 
cated antennas. The author believes, however, that with 
the long thin wires usual in antennas, the Howe method of 
approximation gives an accuracy sufficient for engineering 
requirements. 

Accordingly this method of solution has been used to 
derive the formulas of this paper. All the more common 
forms of antenna have been included. In those cases where 
a number of wires have been joined together, two methods 
may be followed. First, the Howe potential may be calcu- 
lated for each wire, on the supposition that a uniform linear 
charge density has been given to the whole system. The 
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equilibrium potential is taken as the mean of the Howe 
potentials of all the wires, weighting each value according 
to the length of the wire to which it corresponds. Or, as an 
alternative method, the various elements may each be sup- 
posed uniformly charged, but with a different value of 
charge density for each wire. The relation between these 
different charge densities is determined so as to give the 
same Howe potential to each wire. The two methods are in 
close agreement for long thin wires. 

A collection of formulas found by the methods described, 
covering different antenna types, together with tables of con- 
stants to aid in the calculations, and tables of the capacity 
itself for certain simple antenna systems, has been issued 
as a letter circular by the Bureau of Standards. 
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OBITUARY 


The Institute learns with regret of the death on August 
16th, 1927 of | 


Charles V. Logwood 


Mr. Logwood, who was born in California in 1882, has 
long been identified with the development of continuous 
wave radio reception and the vacuum tube. He was an 
active worker in the art, and the grantee of a number of 
radio patents. The sudden curtailment of his efforts is a 
distinct loss to the radio art and industry. 
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THE CORRELATION OF RADIO RECEPTION WITH 
SOLAR ACTIVITY AND TERRESTRIAL 
MAGNETISM. Il’ 


BY 
GREENLEAF W. PICKARD 


(Consulting Engineer, the Wireless Specialty Apparatus 
Company, Boston, Massachusetts. ) 


(Communication from the International Union of 
Scientific Radio Telegraphy.) 


This paper is a continuation of an earlier one’ on the 
same subject, in which day reception at 15.25 kilocycles, 
night reception at 1330 kilocycles and night reception at 
8-9 megacycles were compared with sunspot numbers and 
magnetic measures. Although in the former paper definite 
relations were shown, there were also discrepancies, partic- 
ularly in the relation of sunspots to reception and 
magnetism. When the three elements were compared over 
any considerable period, the maxima and minima swung 
alternately in and out of step in an irregular seeming 
manner, although preserving in a general way a 27-day 
period. 

It must be confessed at the outset that the relation be- 
tween individual sunspots, reception and magnetism is still 
far from definite. In general it appears that the terrestrial 
elements are most disturbed when the sunspots are large 
and numerous, and particularly when they face most nearly, 
earthward. But often large spots cross the meridian with- 
out either accompanying magnetic disturbances or changes 
in reception, and it is well-known that severe magnetic 
storms sometimes occur when the only sunspots visible are 
near the sun’s limbs. | 

Undoubtedly both magnetism and reception are subject 
to disturbances which are not of solar origin, or which at 


*Presented before the American Geophysical Union, Section of Terrestrial 
Magnetism and Electricity, Washington, D. C., April 28, 1927. 

Received by the Institute April 20, 1927. 

"The Correlation of Radio Reception with Solar Activity and "Terrestrial 
Magnetism, Proceedings of the Institute of Radio Engineers, Vol. 15, No. 
2, February, 1927. 
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least do not follow either solar rotation periods or the longer 
swing of the sunspot cycle. Thus, diurnal periods are 
found in both reception and magnetism, and seasonal 
changes are also well known. A solar eclipse distinctly. 
affects radio reception’ and less definitely disturbs terres- 
trial magnetism. There also appear to be relations be- 
tween certain meteorological elements and reception which 
are not raralleled by magnetic disturbances, probably 
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Fig. 1—Mean of 12 Solar Rotations, October 25, 1908 to September 17, 
1909. Sunspots, Magnetic Character of Day and Maximum Night 
Ranges of "DF" Working. 


because reception and weather are rather local matters, 
while terrestrial magnetism is quite literally a world-wide 
affair. 

While reception disturbances of non-solar periods are 
important and fertile fields for investigation, the present 
paper must largely confine itself to magnetic and reception 
changes associated with the solar rotation period, and so 
these other effects must be eliminated rather than analyzed. 
This is readily done by taking a sufficiently long series of 
observations, dividing this series into 27.3 day periods, and 
finding the daily means. This operation averages out any- 
thing which does not recur in each rotation, and gives a 


"The Effect of the Solar Eclipse of January 24, 1925. on Radio Reception. 
ioo CORE of the Institute of Radio Engineers, Vol. 18, No. 5, October, 
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clearer picture of the interrelation than that presented in 
the former paper. 

It is not necessarily true that the solar centers 
responsible for terrestrial disturbances are the sunspots 
themselves, although the evidence is now strong that these 
centers are at least closely associated with sunspots or 
sunspot groups. If it be assumed that these centers, like 


Fig. 2—Mean of 5 Solar Rotations, January 14 to May 30, 1917. Sun- 
spots, Magnetic Character of Day and Washington Day Reception 
of POZ. 


the accompanying sunspots, are confined within definite 
though rather wide zones for long periods, but shift about 
within these areas from month to month, some of the dis- 
crepancies found can be quite simply explained. And even 
if, as at present appears, the wanderings of the active 
centers are entirely at random, the mean of a number of 
solar rotations should show definite disturbance maxima 
corresponding with the meridian crossing of the centers of 
the active zones, instead of the somewhat irregularly spaced 
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disturbances accompanying the transit of the individual 
centers. | 

Before periodic means of sunspot numbers, magnetic 
measures, or reception observations are made, it is usually 
necessary to reduce the numerical values to such a basis 
that periods of high absolute values will not dominate the 
means of a long series. This is easily done by converting 
the daily values into ratios with a moving mean of the 


Fig. 3—Mean Within 5 Solar Rotations of Ten 13.64 Day Periods, 
January 14 to May 30, 1917. Sunspots, Magnetic Character of 
Day and Washington Day Reception of POZ. 


period under investigation, thus obtaining a measure of 
interperiod activity. By taking a sufficient number of 
periods, even rough measurements of reception can be made 
to show definite relations to sunspots and terrestrial 
magnetism. 

In Fig. 1 the reception values are the maximum nightly 
ranges of two-way working between station DF at Man- 
hattan Beach, New York, and various ships at sea’, which 
are compared with the Wolfer Final Sunspot Numbers and 
van Dijk’s Magnetic Character of Day Numbers. The in- 
terval taken is from October 25, 1908 to September 17, 1909, 
corresponding to 12 solar rotations of 27.3 days. It will 
be seen that the sunspot curve is nearly sinusoidal, indicat- 


sShort Period Variations in Radio Reception, Proceedings of the Institute of 
adio Engineers, Vol. 12, No. 2, April, 1924, pages 119-168. 


Pickard: The Correlation of Radio Reception with Solar Activity 753 
ing that in the sunspot numbers the only frequency cf 
appreciable amplitude is that of the solar rotation, but both 
magnetic and reception curves show the presence of shorter 


. periods. Owing to the roughness of the reception data, no 


attempt has been made to investigate the harmonics of the 
solar period, although this has been done for some of the 
later and more accurate reception measurements. The 
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Fig. 4—Mean of 9 Solar Rotations, March 14 to November 15, 1922. 
Sunspots, Magnetic Character of Day and Washington Day Recep- 
tion from POZ and LY. 
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relation of reception to the other elements is inverse, which 
appears characteristic of night reception save at ultra high 
frequencies. It is of interest to note that this transmission 
was all at frequencies within the present broadcasting band, 
so that the results may be compared with recent measure- 
ments, allowance being made for the fact that in 1908-1909 
spark transmitters of relatively high decrement were used. 

During 1917, a sunspot maximum year, the U. S. Naval 
Radiotelegraphic Laboratory made  audibility meter 
measurements at Washington of day reception from station 
POZ at Nauen, Germany. Owing to war conditions, Dr. 
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Austin considers these the least accurate of his long series 
of measurements of this station; nevertheless Fig. 2 clearly 
shows relation between this reception, sunspots and 


Fig. 5—Mean of 7 Solar Rotations, May 14 to November 21, 1923. Sun- 
spots, Magnetic Character of Day and Wasbmgton Day Reception 
of POZ. 


magnetism. All three curves show shorter periods of con- 
siderable amplitude, and despite the roughness of the recep- 
tion measurements, an analysis has been attempted for the 
second harmonic of the solar rotation period, or 13.6 days. 
While in Fig. 1 the relation of night reception to sunspots 
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Washington. 
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and magnetism is inverse, in Fig. 2 reception is found to be 
directly correlated with the other elements; this seems to be 
the normal relation of day reception at low frequency. 

In Fig. 3 means of 1917 day reception, sunspots and 
magnetism are taken for periods of 13.6 days, or the second 
harmonic of the solar rotation period. Considering the 
roughness of the reception data, the curves are in excellent 
agreement, and their nearly sinusoidal form indicates that 
there are no important shorter periods present. The low 
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Newton сеш from WBBM at Chicago. No Smoothing. 


айе of the sunspot curve is due to the nature of the * 
Wolfer numbers, which are taken over the entire visible 
solar disk, or over nearly 180 deg. in longitude. This pro- 
cess leaves very little of the shorter periods, although it 
will be later shown that these are prominent in sunspot 
numbers taken in restricted zones instead of over nearly 
a hemisphere. 

Figs. 4 and 5 are of Washington day reception for the 
years 1922 and 1923, the latter year being a sunspot mini- 
mum. Again the relation of day reception to solar activity 
and magnetism is found to be direct, and the presence of 
shorter and probably harmonic periods is strongly indi- 
cated. The irregularity of the 1923 sunspot curve is in part 
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due to the fact that 47 per cent of the days taken had a 
sunspot number of zero. 

In Fig. 6 a comparison is made between sunspots, diurnal 
‘ range of Н at Cheltenham, 15-25 kilocycle day reception 
for a group of 9 stations, and 8-9 megacycle night reception 
for a group of 7 stations. А close agreement between the 
two reception curves is evident, but the sunspot and 
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Fig. 8—Mean of 8 Solar Rotations, January 25 to August 31, 1926. Sun- 
spots, Diurnal Range of H at Cheltenham and Night Reception at 
Newton Centre from WBBM at Chicago. Smoothed by Moving 
7-Day Mean. 


magnetic curves lag 4 and 6 days, respectively, behind 
reception. The relation between sunspots, magnetism and 


‘ 8-9 megacycle night reception is direct, but is inverted for 


15-25 kilocycle day reception. This does not agree with the 
findings for other years, and apparently 1926 is an excep- 
tion to a general rule. But the data have been taken from 
a single station in the preceding years, instead of the group 
used for 1926, so the apparent inversion may be subject 
to revision after further study of the data. 

As set forth in the previous paper, it appears that 
reception in the frequency band of 500 to 1500 kilocycles 
shows higher correlation with solar activity and terrestrial 
magnetism than does any other investigated portion of the 
radio spectrum, and for that reason the author's measure- 
ments have been largely confined to night broadcast re- 
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ception. In Fig. 7 are given the means within a 27.3 day 
period of the Wolfer Provisional Sunspot Numbers, the 
diurnal range of the earth’s horizontal magnetic field as 
taken by Cheltenham Observatory and mean night field at 
Newton Centre, Mass., from station WBBM at Chicago, 
operating at 1330 kilocycles. The sunspot curve is nearly 
sinusoidal, indicating the absence in the Wolfer numbers 
of any large amplitude periods shorter than the fundamen- 
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Fig. 9—Mean of 8 Solar Rotations, January 25 to August 31, 1926. Sun- 
spots, Diurnal Range of H at Cheltenham and Night Reception at 
Newton Centre from WBBM at Chicago. Smoothed by 13-day 
Moving Mean. 


tal, but the magnetic and reception curves evidently contain 
appreciable shorter period components. The fundamental 
27.3 day period is best shown by eliminating the shorter 
periods, which is partially done in Fig. 8 by smoothing with 
a moving 7-day mean, and more completely in Fig. 9 by a 
moving 13-day mean, which leaves little but the funda- 
mental. 

In Fig. 10 periodic daily means are taken within the sec- 
. ond harmonic of the solar rotation period, or 13.6 days. This 
greatly reduces the amplitude of the sunspot curve, but the 
reception and magnetic curves still show the presence of 
shorter periods. In Fig. 11 the third harmonic of 9.1 days is 
taken, which still further reduces the amplitude of the sun- 
spot curve, leaves the magnetic curve nearly sinusoidal, but 
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the reception curve still shows a shorter period component. 
Finally in Fig. 12 a 6.8 or fourth harmonic period is used, 
which reduces the sunspot curve to very small amplitude, 
while the magnetic and reception curves now become quite 
similar, with little indication of any shorter period com- 
ponent. 

As indicated above, the Wolfer sunspot numbers can- 
not be effectively used in the investigation of the shorter 


Fig. 10—Mean Within 8 Solar Rotations of Sixteen 13.64 Day Periods, 
January 25 to August 31, 1926. Sunspots, Diurnal Range of H at 
Cheltenham and Night Reception at Newton Centre of WBBM. 


solar periods. Through the kindness of the U. S. Naval 
Observatory a list has been given of the times of meridian 
passage of the larger sunspots and sunspot groups of 1926, 
and a comparison of this with reception measures shows 
very clearly that night reception depressions are in general 
coincident with the meridian transit of the spots, while the 
appearance of large spots and groups near the sun’s limbs 
had little or no correlation with reception. Through the 
courtesy of Dr. H. H. Clayton, who has taken daily sunspot 
observations for the past several years, sunspot numbers 
for a zone ten degrees on each side of the central solar meri- 
dian have been furnished for each day of 1926. Using these 
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sunspot numbers and night reception from WBBM, the rela- 
tions within the fundamental 27.3 day period, and its second, 
third, and fourth harmonics are given in Figs. 13 and 14. 
The correlation between the sunspot numbers for the central 
twenty degree zone and reception is now found to be very 
high; and the amplitude of the sunspot curve for even the 
fourth harmonic of 6.8 days is quite large. Not only are 


Fig. 11—Mean Within 8 Solar Rotations of Twenty-Four 9.1 Day Per- 
iods, January 25 to August 31, 1926. Sunspots, Diurnal Range of 
Н at Cheltenham and Night Reception of WBBM. 


the curves closely alike in form, but the maxima and minima . 
agree to the nearest day, which confirms the conclusion 
reached from the study of the U. S. Naval Observatory data, 
that reception disturbances generally coincide with the 
earthward presentation of the sunspots. 

Measurements of night static were also taken at 1330 
kilocycles, and periodic means made over 14 solar rotations, 
or from January 25, 1926 to February 11, 1927. The result, 
as compared with sunspots, is shown in Fig. 15. Unlike the 
night signal at the same frequency, the relation is direct. 
An investigation of day static in the 15-25 kilocycle band 
Shows an inverse relation to sunspots, although the agree- 
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ment is not so good as that shown in Fig. 15. At present 
there is no satisfactory explanation for this relation, either 
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Fig. 12—Меап Within 8 Solar Rotations of Thirty-Two 6.8 Day Periods, 
January 25 to August 31, 1926. Sunspots, Diurnal Range of H at 
Cheltenham and Night Reception from WBBM. 


on a basis of static wave transmission, or the assumption 
of electric or other storm areas as static sources. Both in 
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Fig. 13—Mean of 8 Solar Rotations, January 25 to August 31, 1926. 
Sunspots Within Ten Degrees of Solar Meridian and Night Recep- 
tion of WBBM. Fundamental and Second Harmonic of Solar Re 
ception. 
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day reception at low frequencies, and in night reception in 
the broadcast band, the static is inversely related to signal, 
so it is difficult to frame an hypothesis based on transmis- 
sion, while if the relation depends upon variability of static 
sources it must be assumed that the activity of static centers 
at night is inversely related to that of the day, and at the 
same time both are linked with solar activity. 
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Fig. 14—Mean of 8 Solar Rotations, January 25 to August 31, 1926. 
Sunspots Within Ten Degrees of Solar Meridian and Night Recep- 
tion of WBBM. Third and Fourth Harmonics of Solar Rotation. 


In conclusion, the existence of a pronounced annual 
double periodicity reception component, paralleling that 
already recognized in terrestrial magnetism, is shown in 
Fig. 16. Here periodic monthly means are made over an in- 
terval of 8 years, from 1916 to 1924, and well-defined 
maxima show at or near the vernal and autumnal equinoxes. 
The relation between magnetism and reception is direct, for 
the reception is by day; if such a graph could be made for 
night reception it would probably show minima at the 
equinoxes. While it will be several years before really ade- 
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quate data are accumulated for night reception in the broad- 
` cast band, it may be of interest to note that a summation of 
night spark reception in 1908-1909, scattered observations 
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Fig. 15—Mean of 14 Solar Rotations, January 25, 1926 to February 11, 
1927. Sunspots and Night Static at 1330 kilocycles. 


in 1923-1924 and the WBBM measurements of 1926-1927 
shows distinct minima in the spring and fall. 

For the convenience of other workers, Dr. Clayton’s 1926 
sunspot numbers for 20 deg. and 40 deg. central zones are 
appended. And supplementing the table in the former 
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Fig. 16—Mean ot 5 years, 1916 to 1924. Monthly Averages of Magnetic 
Character of Day and Washington Day Reception from POZ. 


paper, nightly values of WBBM's field are given from 
December 15, 1926 to March 31, 1927. 
Dr. Clayton has recently found an interesting relation 
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Mean field іп microvolts’ per meter at Newton 
Centre, Mass., from WBBM, Chicago, 9-10 
P. M., December 15, 1926, to March 


31, 1927. 

Day Dec. Jan. Feb. Mar. 
1 "PM 2.0 1.0 0.1 
2 b 3.2 2.4 1.0e 
3 "T 2.0e 5.2 0.3 
4 $3 1.5 1.3 3.0 
5 У 0.7 5.3 1.5 
6 ius 8.0 8.0 0.7 
1 ee 1.3 1.0e 4.0e 
8 RENS 2.2 10.0 5.8 
9 EM 4.0e 0.3 1.9 

10 НЕР: 2.0е 0.8 3.3 

11 TN 4.0e 1.2 1.3 
12 e 8.0e 2.6 7.8 
13 р 3.0 0.3 4.2 
14 Eus 2.9 5.0m 4.0e 
15 3.6 1.9 9.6 2.9 
16 2.0 3.3 2.1 0.1 
17 3.5 4.0e 3.2 0.1 
18 1.5 9.7 1.7 0.7 
19 1.4 3.7 1.7 0.1 
20 1.0e 10.0 1.6 0.7 
21 10.6 10.8 16.0e 0.8 
22 12.5 14.7 12.8 0.8 
23 0.3 12.3 10.5 8.0 
24 2.0 4.0е 0.8 2.0 
25 1.9 1.7 1.9 16.0 
26 8.2 1.6 6.2 0.5 
27 1.0e 4.1 10.7 2.9 
28 1.9 4.0e 5.8m 3.2m 
29 0.7 5.5 3.5 
30 2.7 . 1.6 0.4 
31 6.5 4.0e 0.5 
Means 6.0 5.0 4.8 2.5 


between night reception of WBBM and the number of sun- 
spots in а central zone of 18.8 deg. (the width of a day's 
travel in solar rotation). When the number of spots in this 
zone was under 12, the relation between sunspot number 
and reception was inverse; when the spot number was over 
12, a direct relation was found. The predominant inverse 
relation which has heretofore been found for night reception 
is in accord with this, for in two-thirds of the cases ex- 
amined for 1926, the sunspot number for the zone was under 
12. The relation between sunspot number in a central zone, 
day reception and magnetic measures is now under investi- 
gation, and will form the subject matter of another paper. 
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The solar, magnetic and reception data from the 
author’s recent paper on this subject are now compared by 
periodic means, and clearer pictures of their interrelations 
are given. The solar rotation period and its second, third, 
and fourth harmonics (27.3, 13.6, 9.1 and 6.8 days) are 
found for all three elements, the general relation being that 
sunspots on the solar meridian coincide with disturbances 
of terrestrial magnetism, lowered night reception and 
higher day reception. Night static at 1330 kilocycles is 
found inversely related to night signal reception at the 
same frequency and therefore directly correlated with sun- 
spots. Day static at 15-25 kilocycles is also, although less 
definitely, inversely related to the day signal at the same 
frequency, and therefore in general inversely correlated 
with sunspots. Periodic means of eight years of day re- 
ception show a marked double frequency annual component, 
with maxima near the vernal and autumnal equinoxes, 
closely paralleling the well-known annual variation in 
terrestrial magnetism. Tables of daily sunspot numbers 
for 20 deg. and 40 deg. central zones are given for 1926, 
and night reception values for WBBM are continued from 
the former paper to March 31, 1927. 


THE TESTING OF AUDIO-FREQUENCY 
TRANSFORMER-COUPLED 
| AMPLIFIERS 


| Вү 
Н. DIAMOND’ and J. S. WEBB’ 


INTRODUCTION 


Any stage of audio-frequency amplification may prop- 
erly be considered satisfactory if a speech signal impressed 
upon its input circuit is exactly reproduced, on a larger 
scale, in its output circuit. For the particular case of trans- 
former coupling, deviation from a faithful reproduction of 
the applied signal is generally due to one or more of the 
following four effects: 

1. The component frequencies constituting the signal are 
non-uniformly amplified, causing what may be termed as 
amplitude distortion. 

2. The component frequencies are each shifted in phase 
while passing through the amplifier, the magnitude of the 
phase shift angle varying with the frequency of the com- 
ponent considered. The relative phase relationship between 
the various frequencies making up the reproduced signal 
is consequently not the same as that between the corres- 
ponding components in the original speech signal. This may 
be considered as causing phase distortion. 

3. Harmonics are introduced in the output signal due to 
the tube characteristics as well as the magnetization char- 
acteristics of the iron circuit of the transformer. 

4. “Howling” may occur due to the self-generation of 
audio-frequency oscillations because of circuit instability. 

Strictly speaking, the exact performance of a trans- 
former-coupled amplifier is accurately known only when all 
four of the above effects have been experimentally investi- 
gated. For the purpose of the comparison of coupling 
transformers, however, it is usually sufficient to determine 
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quantitatively the degree of amplitude and phase distortion 
present, making certain qualitatively that the other two 
effects do not occur in sufficient magnitude to destroy the 
usefulness of the amplifier. The performance of a given 
transformer in association with a given tube may therefore 
be represented graphically by a curve of the type shown in 
Fig. 1’, which indicates the variation of amplitude with fre 
quency and, in addition, the dependence of the phase shift 
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Figure 1—Typical Amplifier Performance Characteristic 


angle upon the frequency. Omitting the phase shift angles 
gives the usual amplitude-frequency characteristic. 

The curve of Fig. 1 is of little value, however, unless the 
conditions of operation under which the amplifier is 
. are specified. The dependence of the amplifier performance 
upon the conditions of its use may be readily unde 
from a consideration of Figs. 2, 3, and 4. In Fig. 2, an alter- 
nating voltage E,, of fixed frequency is applied to the grid 
of tube A resulting іп a fictitious e.m.f. pE, in its plate CI 
cuit. Of this voltage LE, a fraction r, I, is consumed in the 
internal plate resistance of the tube and the vector гета!" 
der E, в applied to the transformer primary. This is the 
amplified very approximately in the ratio of turns giving ЇПЁ 
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voltage E,, applied to the grid of tube B. The stage amplifi- 
cation may be defined simply as the vector ratio E,, /E,;. 
Fig. 3’ is the approximately equivalent circuit of Fig. 
2: —r, represents the internal plate resistance of tube A; R, 
and X,, the d.-c. primary resistance and the total leakage 
reactance, respectively; M the mutual impedance between 
the transformer windings exclusive of capacity; and C the 


Figure 2—Circuit Diagram for а TransformerCoupled Amplifier 


combined capacitive reactance including the secondary dis- 
tributed capacity, capacity between windings, etc.; all re- 
ferred to the primary circuit. The impedance-frequency 
characteristic of the circuit of Fig. 3, to the right of points 
A-B, is shown in Fig. 4. This curve was obtained by actual 
bridge measurements on one of the transformers tested. The 


Figure 3—Equivalent Circuit for a Transformer-Coupled Amplifier 


impedance Z,; is seen to pass through two resonance points, 
the first when M and C are in parallel resonance, and the sec- 
ond when X, is in series resonance with the circuit MC. The 
ratio E,,/ E, will therefore pass through a maximum value 
at the first resonance frequency, since Z,s is then very large 
as compared with r,; while it may or may not have a second 
maximum value at the second resonance frequency, depend- 
ing on whether or not the rise in voltage across C due to 
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series resonance is sufficient to compensate for the reduction 
of the impedance Z,, relative to T, | 

In the above we have neglected the effect of the input 
impedance of tube B. In everyday use, the tube B will have 
in its plate circuit a complex impedance, such as another 
transformer, telephones, loudspeaker, etc. The reaction ef- 
fect due to this load in the plate circuit may be represented 
by an input impedance connected between the grid and fila- 
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Figure 4—Transformer Impedance-Frequency Characteristic 


ment of B and consisting of a resistance R, and a capacity 

C, in series.’ The sign of this resistance is positive whera the 
load in the plate circuit is resistive or capacitive and n€8@- 
tive when the load is inductive. Under normal conditioras of 
use, therefore, there will be a load across the secondary 0 

the test transformer which varies with the frequency. The 
transformer performance will therefore be altered; C, c-2U5 
ing both resonance points to occur at lower frequencies, 4l 

R, decreasing or increasing the overall amplification 9€ 
pending on its sign. 

Since both the internal plate resistance of Tube А and 
the input impedance of tube B are seen to affect the ana pli- 
fier performance, the importance of testing under no 
operating conditions need hardly be stressed. In the first 
section of this paper it is proposed to describe several meth- 
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ods of test whereby the performance of a given transformer 
and tube is obtained under actual conditions of use, no mat- 
ter how varied. Results will be given showing the effect of 
such variation. In the second section an oscillographic 
method of test will be described enabling a much more rapid 
and visual determination of the same results. Being essen- 
tially а voltmeter method, however, the degree of phase 
shift cannot be measured by its means. 
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Figure 5— Circuit Arrangement for Measuring Amplification and 
Phase Shift. 


SECTION 1.—THE MEASUREMENT OF EFFECTIVE STAGE 
AMPLIFICATION AND PHASE SHIFT ANGLE 


Two alternative circuit arrangements for measuring the 
stage amplification and angle of phase shift are shown in 
Figs. 5 and 6. Both are essentially bridge circuits in which 
the amplifier output e.m.f. is balanced against an auxiliary 
voltage, the magnitude and phase relationship of which 
(relative to the amplifier input voltage) is known. In Fig. 
5, this balance is effected in the plate circuit of the auxiliary 
tube B, while in Fig. 6 the balancing takes place in its grid 
circuit. The operation of these circuits may best be ex- 
plained by means of their vector diagrams. Three such 
diagrams are given in Fig. 7 illustrating the operation of the 
circuit of Fig. 5; (a) corresponding to a frequency below 
the first resonance point, (b) to a frequency between the 
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first and second resonance points, and (c) to a frequency 
above the second resonance point. Fig. 8 shows a similar 
set of vector diagrams for the circuit of Fig. 6. 

Referring to Fig. 7 (a), E,,— IR, is the voltage im- 
pressed upon the grid circuit of the amplifier tube A, p4 JR, 
the fictitious e.m.f. in the plate circuit of A and І, the re- 
sultant plate current lagging p, IR, since the equivalent 
impedance of the coupling transformer (referred to the 
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Figure 6—Alternative Method of Test 


primary side) is inductive at the frequency considered. The 
current J, flowing through the impedance MC results in the 
voltage drop E,,, which when referred to the secondary side 
becomes E,,—nE,; where n is the transformer ratio of 
turns. This voltage E,, is now impressed between the grid 
and filament of tube B producing the e.m.f. &u4E,, in its 
plate circuit. Against this e.m.f. is balanced the voltage Ё, 
made up of IE, and IwM. By adjusting E, and M a condition 
of balance may be obtained in the phones, indicating that E, 
is equal and in exact opporition to u5E,,. The amplification 
per stage is then given by the expression 


к VOR TOM y (1) 


pall, 
and the angle of phase shift by the expression 
gn WM 
ao — tan R, (2) 
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The amplification factor ив may readily be determined by 
disconnecting the apparatus between leads 1-2 and 3-4, and 
connecting 1 to 8 and 2 to 4, respectively. The circuit is 
then Miller’s dynamic method for measuring amplification 
constants. 

The vector diagram of Fig. 8 (a) differs from that of 
7 (a) only in that the voltage E, is balanced against E,, 
rather than psk,,. The expression for the stage amplifica- 
tion is therefore 


к= УВГ CoM (8) 
E 
the phase shift angle being as before, defined by equation (2). 


Polga А [4 
Figure 7—Vector Diagrams for Circuit of Figure 5 


For a value of frequency lying between the two reso- 
nance points, the vector diagrams must be modified to those 
of Figs. 7 (b) and 8 (b). The equivalent transformer 
impedance is now capacitive; the plate current J, therefore 
leads the fictitious e.m.f. 44IR, and the voltage drop E,,’ 
leads /,. 

As the frequency is raised above the second resonance 
point, it will be found impossible to effect a balance with 
the circuits as shown in Figs. 5 and 6, due to the fact that 
the phase shift angle becomes greater than 90 deg. A slight 
modification of these circuits, however, consisting of insert- 
ing an inductance L, in series with R, overcomes this dif- 
ficulty, as may be seen from the vector diagrams of Figs. 
Т (c) and 8 (c). This change in the circuit arrangements 
results in a corresponding change in the expressions for 
stage amplification and phase shift. For the circuit of Fig. 5 
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a, = tan- "we + бт” 8 (5) 


while for the circuit of Fig. 6 

УЕ p (uM y 

V К, + ( wL, ) : 

the phase shift angle being given by equation (5). 
A consideration of the vector diagrams given above indi- 

cates a possible modification of the circuits of Figs. 5 and 

6 which may prove quite desirable. For all frequencies above 

the first resonance point, a variable capacitance standard 


K= (6) 


Eg, 


Е, 
Figure 8—Vector Diagrams for Circuit of Figure 6. 


connected in series with R, may be used to replace the mu- 
tual inductor shown. This is of particular advantage at the 
higher audio frequencies where errors are possible in the 
calibration of the mutual inductor due to its distributed 
capacity between turns, mutual capacity between windings, 
etc. Where the variable capacitance is used, a modification 
of the Wagner earth connection is necessary, the inductance 
shown being replaced by a variable condenser. l 
The use of the Wagner earth connection‘ is essential if 
any degree of accuracy is to be expected. This connection 
insures that the currents in the two arms R,L, and R,M do 
not differ from each other because of stray capacity to eart 
effects, an assumption upon which the expressions депу 


*See bibliography. 
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above were based. Even with the Wagner earth, however, 
considerable care must be taken to prevent direct capacity 
effects between component parts of the circuit, particularly 
between the two sets of batteries in the circuit of Fig. 6. 

In either of the above two methods, the load on the 
transformer secondary due to the auxiliary tube B is negli- 
gible, since at the point of balance no current exists in the 
plate circuit of this tube. The actual loading is in each case 
accomplished by connecting the input circuit of a second 
amplifier across the transformer secondary, as shown, the 


r 
- 
а 
< 
ч 
um 
[7 
z 
ә 
< 
3 


Figure $—Simplified Test Method When Piate impedance of Loading 
Tube Is Resistive. 


reaction due to the impedance in the plate circuit of this 
second amplifier constituting the load. By varying the mag- 
nitude and character of this impedance, the effect of varying 
the reaction upon the amplifier performance may be ob- 
served. 

For the particular case, where the effect of reaction due 
to a pure resistance load in the plate circuit of the tube 
following the transformer is desired, the circuit of Fig. 9 
has been found very convenient. This method may be ex- 
tended to include the reaction effect due to any impedance, 
whatever, but becomes somewhat involved. In its operation, 
it is essentially similar to the methods already described. 
The voltage E,, due to IE, апа IwM is here balanced against 
that part of the driving voltage in the plate circuit of tube 
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B which is necessary to send the current I,» through 
the coupling resistance Ro. The expression for the stage 
amplification and phase shift angle of the test amplifier is 


respectively 
кылк гын. 
(7) 
C: je P. (nu) ] j 
a, = tan" Wo (8) 
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Figure 10—Effect of Load on Amplifier Performance 


The value of дв ROW does not vary as long as the coup- 


ling resistance and plate battery voltage remain unchanged, 
and may be determined simply by disconnecting the appara- 
tus between leads 1-2 and 3-4, connecting 1 to 3 and 2 to 4, 
respectively, and with M at zero value adjusting R, for а 
balance in the phones. This quantity is then equal to the 
ratio of Р, / R, when the condition of balance obtains. In all 
other particulars, the method of Fig. 9 is exactly similar to 
those already described. 
Results 

In Fig. 10 are shown the characteristics, under various 

conditions of load, of а stage of transformer coupling com- 


See bibliography. 
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prising a UX-201A tube and a transformer of rather indif- 
ferent design. Curve A is for the transformer unloaded, and 
curve B for a reaction load on the transformer secondary 
produced by a 50,000-ohm resistance connected in the plate 
circuit of the tube following the transformer. The input 
capacity C, of the loading tube, corresponding to 50,000 
ohms in its plate circuit, was measured by a resonance 
method and found to have a value of 85 micro-micro-farads. 
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Figure 11—Effect of Load on Amplifier Performance 


(This value includes capacities between connecting leads, 
socket terminals etc., as well as the effect of reaction). Curve 
С was then obtained for an artificial load of 85 j.y.f. 
across the transformer secondary. А good degree of accord- 
ance between curves B and C will be observed. The lower 
values of amplification obtained in B are no doubt due to 
the dielectric losses in the tube capacities rather than to the 
input resistance R, due to reaction, which is too small to 
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have this effect. Curve D corresponds to an artificial load 
of 250 u.u.f. across the transformer secondary. 

Similar curves are shown in Fig. 11 for a transformer 
of somewhat different design. Maximum amplification is 
here seen to occur at the second resonance point. Curve A 
is for no load on the transformer, and curve B for reac- 
tion load due to 50,000 ohms in the plate circuit of the load- 
ing tube. For curve C the same resistance was inserted in 
the plate circuit of the loading tube and in addition a capa- 
city of 8 m.m.f. connected between the grid and plate of this 
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Figure 12—Effect of Load on Amplifier Performance 


tube. The input capacity C, corresponding to this condition 
was found to be 135 д.д.Ї. Curve D is for an artificial load 
of 135 д.д.Ї. across the transformer secondary. 

An additional set of characteristics for an amplifier 
using one of the better types of transformers is given in 
Fig. 12. Curve A is the no-load characteristic. То obtain 
curve B, a resistance of 50,000 ohms was connected in the 
plate circuit of the loading tube; while for curve C this re- 
sistance was replaced by the transformer of Fig. 10 (with 
its secondary unloaded). 

Referring now to Fig. 4, the impedance-frequency char- 
acteristic shown was obtained fnr the transformer of Fig. 
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12 with an artificial load of 85 џр.џ.Ё. across its secondary. 
The resonance points should therefore occur at the same 
values of frequency as in curve B of Fig. 12. This is seen 
to be the case. 

The results given above are thought sufficient to illus- 
trate the dependence of the performance of a transformer- 
coupled amplifier upon the nature of the plate impedance in 
the tube following the transformer. In general, the no-load 
characteristic appears to be optimistic, particularly from 
the point of view of phase distortion. Furthermore, it would 
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Figure 13—Schematic of Oscillographic Method of Test 


seem impossible to predict from this characteristic what the 
performance under definite loading conditions will be. An 
accurate specification of the performance of a given coupling 
transformer in a given circuit can therefore be shown only 
by its actual operating characteristic as obtained above. 

It is realized that there are numerous circuit conditions 
under which a transformer may be used and that a deter- 
mination of its performance under all conditions therefore 
becomes impracticable. This has been used as an argument 
in favor of testing the amplifier with no load on the trans- 
former secondary. As shown above, however, the no-load 
characteristic appears of little value. 

Merely as a suggestion, the writers point out that the 


" D 
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characteristic corresponding to 50,000 ohms resistance in 
the plate circuit of the tube following the transformer i: 
fairly representative. Moreover, the circuit of Fig. 9 which 
may be used for obtaining this characteristic is very con- 
venient and quite simple. We therefore prefer this charac- 
teristic rather than the no-load characteristic as a standard. 


SECTION 2.—OSCILLOGRAPHIC METHOD OF TEST 


For a much more rapid determination of the amplitude 
frequency characteristic, the circuit of Fig. 13 was de- 
vised :— 


Figure 14—1llustration of Sweep Voltage Arrangement 


A heterodyne oscillator is used as the source of a signal 
note of constant amplitude, but of a frequency varying over 
the important range of audio-frequencies. This signal is 
| applied to the input circuit of the amplifier under investiga- 
tion, the output voltage of this amplifier being connected 
across a pair of deflecting plates of a cathode-ray oscillo- 
graph. The electron beam is thus made to vibrate vertically, 
the amplitude of vibration being a measure of the amplitude 
of the output signal. Since the input to the amplifier is con- 
&ant over the complete range of frequencies, the amplitude 
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of vibration will vary with the frequency depending upon 
the amplifier characteristics. 

To the other deflecting plates of the oscillograph is 
connected a sweep voltage arrangement whereby the elec- 
tron beam is deflected horizontally, the sweep voltage being 
so adjusted that the spot is at the extreme left whenever 
the signal frequency is a minimum and at the extreme right 
whenever the signal frequency has a maximum value. The 
pattern appearing on the screen is then the desired ampli- 
tude-frequency characteristic and may be photographed or 
studied visually. 
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Figure 15—Frequency Calibration Curve for Heterodyne Oscillator 


Just as in the test circuits of Section 1, the effect of 
loading the transformer secondary due to reaction may be 
obtained by means of an auxiliary amplifier having in its 
plate circuit any desired impedance. 

A detailed description of the circuit of Fig. 13 is given 
below. 

The Heterodyne Oscillator’. The two Hartley oscilla- 
tors A and B, their associated amplifiers C and D, and 
the detector tube E together make up the heterodyne os- 
cillator which is used as the variable frequency source. 
Oscillator A is adjusted to 100,000 cycles and is coupled 
to its amplifier C by means of the tuned circuit LCL. Os- 
cillator B has a fixed coil and fixed condenser of such values, 
that by varying the 500 u.u.f. condenser C, from its mini- 
mum to its maximum setting, the oscillator frequency is 


See bibliography. 
See bibliography. 
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reduced from 100,000 to 90,000 cycles. B is inductively 
coupled to its amplifier D. 

The output of each of the amplifiers C aa D is im- 
pressed between the grid and filament of the detector tube 
E by means of resistance-capacity coupling. The frequency 
of the resultant signal in the detector output circuit is, of 
course, the “beat” frequency of the two oscillators and 
should vary from 0 to 10,000 cycles as the dial of the varia- 
ble condenser C, is tuned through an angle of 180 degrees. 


Figure 16—Amplitude-Frequency Characteristic of Heterodyne Oscillator 


It is this signal of variable frequency which is impressed 
upon the amplifier input circuit as shown. 

Actually, there is a tendency for the two oscillators to 
pull into step at the lower frequencies. The function of the 
amplifiers C and D and of the tuned circuit LCL is to pre- 
vent this action, a lower limit of 50 cycles per second being 
easily obtained. 

The tuned circuit has, also, two additional advantages. 
Kirke has shown that in the case of two carrier waves im- 
pressed upon a non-linear detector, if the two waves are of 
unequal amplitude the stronger wave alone being sufficient 
to swing over the non-linear portion of the characteristic 
and reach considerably along the linear portion, the resul- 
tant detector current is proportional to the weaker wave, 
being unaffected by a change in amplitude of the stronger 
wave. By making the double coupling through the tuned cir- 
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cult quite loose and applying this loose coupling to the fixed 
oscillator A, we may make the amplitude of the fixed oscil- 
lator weaker than the weakest amplitude of the variable os- 
cillator. A constant output is thus assured which is inde- 
pendent of the frequency. 

Kirke has also shown that if one r.f. oscillator contains 
no harmonics, none will appear in the audio-frequency out- 
put except as introduced by the detector tube itself. The 
tuned circuit here serves to eliminate all harmonics from 
the fixed oscillator. The harmonics due to the detector itself 


Figure 17—Oscillogram Corresponding to Curve A (Figure 10) 


are minimized by using plate rather than grid rectification. 

The Sweep Voltage Arrangement. As noted above, the 
function of the sweep voltage is to deflect the electron beam 
uniformly from left to right as the frequency is increased 
from 50 to 10,000 cycles and back to the left as the frequency 
is decreased to its minimum value. Furthermore it is neces- 
sary that both the change in frequency and the rate of de- 
flection of the beam are exactly equal in order that the 
figure be plotted to a linear scale of abscissas, which, as may 
be seen from Fig. 15, is also approximately a linear scale of 
frequencies. Again, the spot must be in exactly the same 
position for a definite frequency whether the heterodyne os- 
cillator frequency is increasing or decreasing at the instant 
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considered. This is necessary in order that the pattern may 
exactly retrace itself. | 

To comply with the above conditions, the arrangement 
shown in Figs. 18 and 14 was devised. Mounted on the same 
shaft as the variable condenser C,, but insulated from it by 
means of a hard-rubber insulating joint, is a movable con- 
tactor arm A making a rubbing contact with a circular car- 
bon annulus of rectangular cross-section. This carbon 
annulus was constructed by placing end-to-end and joining 
together two circular half-rings each having a resistance 
between end surfaces of approximately 10,000 ohms. A 70- 
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Figure 17a—Curve A Replotted. 


volt battery is connected to diametrically opposite points on 
the circular annulus (to the joints for convenience) and 
two leads, one from the center in this battery and the other 
from the movable contactor arm, are brought out to the 
deflecting plates of the oscillograph. This constitutes the 
sweep voltage. 

With the movable contactor arm at point 1, the voltage 
across the deflecting plates is zero. The beam should then 
be in the exact center of the screen, and may be so adjusted, 
by means of the auxiliary battery M. With the contactor 
arm at 2 the deflecting voltage is +35 volts, at 3 zero, and 
at 4 —35 volts. The electron stream is thus moved con- 
tinuously from side to side, simply by revolving the contac- 
tor arm at a uniform rate. 

The position of the condenser on the shaft is now so 
adjusted that its minimum setting occurs with the contactor 
at point 4 and consequently its maximum setting with the 
contactor at 2. The oscillator frequency thus varies from а 
minimum to 10,000 cycles and back as the spot travels from 
left to right and back. 
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For an exact retracing of the figure, the capacity of the 
variable condenser should vary linearly over its entire 
range. Moreover the variable condenser should have as small 
a zero reading as possible. The condenser used was a Gen- 
eral Radio Type 247-H of the geared vernier type, a groove 
being cut in the vernier knob which served as a driving pul- 
ley for the condenser and also the movable contactor arm. 
A reduction in speed was thus obtained permitting the use 
of a normal speed d-c. or a-c. motor. 


Figure 18—Oscillogram Corresponding to Curve B (Figure 10) 


Oscillator Characteristics. Even though an exact retrac- 
ing of the pattern on the screen is obtainable, does not im- 
ply, however, that the curve obtained is plotted to a linear 
scale of frequencies. The extent of deviation from a linear 
scale is of course of considerable importance in the analysis 
of any curve obtained by this method. The calibration curve 
of Fig. 15 plotting the beat frequency against horizontal 
deflection on the screen indicates however that the de- 
parture from a linear scale is fairly small. 

In Fig. 16 is shown an oscillogram of the variation of 
output amplitude vs. frequency for the heterodyne oscillator. 
The amplitude is seen to be remarkably constant for the 
entire frequency range. 
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Results 


The oscillograms chosen for reproduction here áre for 
the transformer of Fig. 10. Figs. 17, 18, and 19, correspond 
to curves А, B, and D, respectively. For the purpose of com- 
parison these curves are replotted here to the same scale 
as their corresponding oscillograms. A very good agree- 
ment is observed. 


APPENDIX 


As we have already pointed out, the amplitude-frequency 
characteristics as obtained by the oscillographic method of 
test are plotted to an approximately linear scale of frequen- 
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Figure 18a—Curve B Replotted 
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cies. A slight modification of the sweep voltage arrange- 
ment, however, will enable the determination of these curves 
to a logarithmic scale of frequencies. This modification con- 
sists simply of varying one dimension of the circular carbon 
annulus. -' 

A consideration of the operation of the sweep voltage 
device indicates that one half-ring is in operation during 
the time that the electron beam is being swept from left to 
right, the other half-ring being in use on the return sweep. 
We may therefore consider each half-ring alone. (see Fig. 
20). 

Let w be the width of the ring 

t its thickness 
l its length along a mean radius ` 
and x the distance along its mean radius from the left 
end to the position of the contactor arm. 

On the assumption of a linear characteristic for the 
variable condenser C, and a constant speed of rotation, the 
following equations may be set down. 
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C, = 500 5 (9) 
Where С, is the capacity of the variable condenser when the 
contactor arm is at the point zx. 
D, — K,R, | (10) 
D, being the deflection of the electron beam as measured 
from its extreme left position, 
К; the resistance of the half-ring from its left end to the 
point x and 


Figure 19—Oscillogram Corresponding to Curve D (Figure 10) 


K, an arbitrary constant. 
e.dx 

dR, = w.t(x) 
where dR, is an element of resistance at point x. 
Note that the thickness of the ring is here taken as a func- 
tion of x. It is this dimension of the ring which is to be 
varied in order to obtain a logarithmic scale of frequencies. 


1 
2| K, 1 #500 + 500 ^) (12) 


Here f, is the value of the heterodyne frequency when the 
contactor is at the point 2. 


(11) 


f; = 100,000 — 
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In order that a logarithmic scale of frequencies may ob- 
tain, the deflection of the beam must vary as the logarithm 
of the frequency ; that is, 

D, = К, log ў, (18) 

Where К, is an additional constant. 

Substituting equation (10) and (12) in (13) and dif- 
ferentiating, we obtain, 
dRkx К 
d tx Р 


l 

(14) 
Where dR, is defined by expression (11). After due substi- 
tution, equation (15) is obtained. 
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Figure 19a—Curve D Replotted 


t(x)= a 4( 2500 + 500. 1) 


(1—27. 10 y К, KLN 2500 + 500. 2500 500.2), 
(15) 


This is the necessary relation for the thickness of the carbon 
half-ring as a function of the distance x measured along a 
mean radius from the left end. 
The constants of equation (15) may be evaluated by sub- 

stituting for terminal conditions. 
When x = 0 

х == 100,000 

and consequently 
107 
VIA Lee 
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When x — І 
t(1)— еі. sooo (1 У so) — — 288 


Wb, 
therefore 
___ t(l) 
Dac: 288 


we 


Figure 20—Carbon Half-Ring 


Equation (15) may therefore be written 
Ce) 1 
t(1) — 288 < 


{ (2500 + 500. 7 IC — .02 у 2500 + 500 4A 


(16) 
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Figure 21—Computed Variation of t (x) to obtain Logarithmic Scale 
of Abscissas. 
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This equation is plotted in Fig. 21 and is seen to be linear to 
a fair degree of approximation. To the same degree of 
approximation, therefore, we may expect eo obtain a loga- 
rithmic scale of frequency merely by tapering the thickness 
of the annular half-ring from zero at its left end to its nor- 
mal value at the right end. This obviously applies equally as 
well to the other half-ring. 


SUM MARY 


The performance of an audio-frequency transformer- 
coupled amplifier is considerably affected by the reaction 
load across the coupling-transformer secondary due to the 
impedance in the plate circuit of the tube following the 
transformer. The effect of such reaction is discussed in this 
paper, and several methods of test described whereby the 
actual performance of a given amplifier under any condition 
of loading (due to reaction) may be measured. 

The first two methods of test are essentially bridge cir- 
cuits in which the amplifier output e.m.f. is balanced against 
an auxiliary voltage, the magnitude and phase relationship 
of which (relative to the amplifier input voltage) is deter- 
minable. To effect this balance an auxiliary tube with 
phones in its plate circuit is used; the balancing taking place 
in the plate circuit of this tube in the first method; and in 
its grid circuit in the second method. The reaction load 
across the coupling transformer is in each case obtained 
by connecting across its terminals the input circuit of a 
second amplifier, having in its plate circuit any desired im- 
pedance. 

In the third method of test, the second amplifier tube 
serves both for loading and for balancing, the auxiliary 
balancing tube being omitted. This circuit is applicable to 
the particular case where the effect of reaction due to a pure 
resistance load in the plate circuit of the tube following the 
transformer is desired and for this case is very convenient 
and simple. 

The fourth test method is oscillographic. A heterodyne 
oscillator is used as the source of a signal note of constant 
amplitude, but of a frequency varying over the important 
range of audio-frequencies. This signal is applied to the in- 
put circuit of the amplifier under investigation, the output 
voltage of this amplifier being connected across a pair of 


— 
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deflecting plates of a cathode-ray oscillograph. The electron 
beam is thus made to vibrate vertically. To the other de- 
flecting plates of the oscillograph is connected a sweep vol- 
tage arrangement whereby the electron beam is deflected 
horizontally, the sweep voltage being so adjusted that the 
spot is at the extreme left whenever the signal frequency 
is a minimum, and at the extreme right when the signal fre- 
quency has a maximum value. The pattern appearing on the 
screen is then the desired amplitude-frequency characteris- 
tic. With a slight modification of the sweep-voltage device, 
this characteristic may be obtained to a logarithmic scale of 
frequencies. The loading is obtained in the same manner 
as in the methods already described. 
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NOTE ON DETECTION BY GRID 
CONDENSER AND LEAK 


BY 
W. VAN B. ROBERTS 


(Technical and Test Department, Radio Corporation of America) 


INTRODUCTION 


When grid condenser and leak are used for detector the 
grid is usually kept somewhat positive. This may make the 
grid-to-filament a.-c. resistance low compared with the 
external leak resistance. As the two resistances are 
effectively in parallel, both must be taken into account. A 
formula is derived showing the variation of detected current 
with frequency of modulation. 

Fig. 1 shows connections commonly used for rectification 
by means of a grid condenser and leak. The plate circuit 


o 


Figure 1 


is not shown, as it should be so adjusted that it merely re- 
peats the audio-frequency variation of grid potential. 

Fig. 2 shows the circuit in a more general form, a battery 
being included to indicate that the grid return may be con- 
nected to a point of any desired potential. The impedance 
Z may be of any nature in the following analysis, which 
presupposes weak signals. 


The method used is essentially that of Carson, (Proc. of the Institute of 
Radio Engineers. Vol. 7, No. 2) in a paper entitled “А Theoretical Study 
of the Three Element Vacuum Tube.” 
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Let the applied voltage consist of two components, a 
voltage e, cos о, Ё due to the carrier, and е, cos о, t due to 
some typical side frequency. The resulting current through 
Z will have a number of components, but the only one that 
interests us is the component whose frequency is the differ- 
ence between the two applied frequencies. The calculation* 
of this component is somewhat complicated, and for the 
present purpose it is sufficient to state that the magnitude 
of the difference frequency current varies inversely as 


(1^ z)( £^) +7) where К is the а.-с. re- 


sistance between grid and filament, Z, is the impedance of 
Z at carrier frequency, Z, is its impedance at the typical 
side frequency, and Z i-is its impedance at the difference 
frequency. 


| 


Figure 2 


The voltage drop across Z due to this difference fre- 
А R 
quency current will then vary directly as (az) 


R 2. | | 
(arz) (Fz) Now the thing we are trying 


to find out is how this voltage drop varies with fre- 
quency. If it is independent of frequency over the audio 
range then no frequency distortion results from this 
method of detection. Let us consider each factor sep- 
arately. The first factor does not change at all, as the 
carrier frequency is the same no matter what the audio 
modulation frequency may be. The second factor is not 
independent of the beat frequency, but is practically so 
because the whole audio range may be covered by varying 
w, about one per cent or less at broadcast frequencies. Hence 
unless Z contains some element sharply tuned to radio 
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frequency the first two factors are practically constant 
whatever difference frequency is chosen. Any frequency 
distortion must then be due to the third factor varying with 
frequency. An idea that immediately suggests itself is to 
use for 2 `ѕоте network that has substantially the same 
impedance to all frequencies in the audio range, and low 
impedance to radio frequencies. However, before consider- 
ing this idea further let us find out how much distortion is 
likely to be introduced by the third factor when Z is com- 
posed of the ordinary size grid condenser and leak, as in Fig. 
1. From the form of the third factor it is obvious that it 
represents the impedance of E connected in parallel with Z, 
and hence of R, r, and C all in parallel. The impedance of this 

combination varies inversely as 

T 2 
V 1+ (vx А Сс ) 
As an example let us choose С = 0.00025 mfd. апа 7 — 5 
megohms, and calculate how great о:о may be without the 
impedance falling below 90 per cent of the value it has at 
very low frequencies. If a 201A tube is used with the con- 
nections of Fig. 1 and a 5-megohm leak the value of R is 
about 65,000 ohms. A simple calculation shows that a 
frequency of about 4,500 cycles must be exceeded before the 
frequency distortion due to this type of detection exceeds 
10 per cent. Hence such distortion is likely to be negligible 
in comparison with that occasioned by the use of sharply 
selective radio-frequency circuits. This statement has been 
verified by experiment, comparing the action of grid con- 
denser and leak detection with that of C battery detection. 
It is often stated that the time constant Cr should be 
smaller than the time of one cycle of the highest audio fre- 
quency that is to be received. If that were the case, then 
the combination assumed above (5 megohms and 0.00025 
mfd.) would not allow satisfactory reception of audio fre- 
quencies above 800 cycles, which is contrary to experience. 
However the expression derived above suggests that the time 
constant of the condenser in parallel with the effective 
rR 

т - Е 
Using this value and applying the time constant criterion 


we predict fairly good detection as high as some 60,000 
cycles. This seems very high, but superheterodynes are 


is the proper time constant to consider. 


resistance 
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often built, with similar values of grid condenser and leak 
for the frequency changing tube, which give a satisfactory 
н at intermediate frequencies of this order of magni- 
u 

In the foregoing it has been assumed in all the illustra- 
tive examples that the grid was kept positive. If kept nega- 
tive, R is no longer low compared to r, and the proper time 
constant to use would be more nearly Cr. It has also been 
assumed that the source of applied voltage is not affected 
by tube losses. Actually, if the grid is kept positive, the 
resonance curve of the tuned circuit which supplies the 
input voltage will be broadened, so that less frequency 
distortion is produced by the tuned circuit than if C battery 
detection were used. 


SUMMARY 


It has been said that detection by the ordinary grid- 
condenser and leak gives poor quality (i. e. low audio fre- 
quencies favored at the expense of the higher ones) unless 
an undesirably small condenser or undesirably low leak re- 
sistance is used. This paper attempts to show, as simply as 
possible, that actually, good quality can be obtained even 
when using as large a grid condenser as desirable, because 
the resistance which determines the relative loss of high 
frequencies is not the resistance of the grid leak alone, but 
the resistance of the grid leak and grid-filament resistance 
of the tube in parallel. Under usual operating conditions the 
latter is so low that loss of quality is very slight. The resis- 
tance of the grid leak is important chiefly in determining 
the grid-filament resistance of the tube, and need not be low 
itself. 


THE TORUSOLENOID 
AN IMPROVED TYPE OF FIELDLESS COIL COMBINING THE 
BEST FEATURES OF THE SINGLE LAYER SOLENOID 
AND THE TOROID 


BY 
Ross GUNN, B. S. E. E., M. S., PhD. 


(In Charge High Frequency Laboratory, Physics Department, Yale Univer- 
sity. Formerly Radio Research Engineer for United States Air Service.) 

During the last two or three years much good work has 
been done on the matter of coil design and the prediction of 
coil performance. This information has to do with the proper 
design of coil types already existing and to date there 
appears to have been no fundamental change in the method 
ef winding coils for high frequency. The two general types 
of coils now available are the solenoids and the toroids, each 
type offering certain advantages and each having certain 
inherent disadvantages. The writer has done considerable 
work with coils and has devised a coil which combines all 
the good points of each type without incorporating any of 
the bad features. It is for this reason that the new coils 
have been called torusolenoids. Because of the novel fea- 
tures of the coils it is believed that information as to the 
construction and electrical characteristics would be of gen- 
eral interest to those interested in the art. 

. Before proceeding to the description of the coil it will 
be found convenient to introduce a factor which the writer 
has used as a direct measure of coil performance. This factor 
has been called the "gain" and is, in fact, simply the 
reciprocal of the power factor of the oscillating circuit or 


E L^ where f is the frequency of the oscillations, L is the 


inductance and R is the equivalent series resistance. Most 
modern radio circuits are worked in conjunction with 
vacuum tubes and since vacuum tubes are controlled by 
potential solely, one is in general interested in the potential 
applied to the grid of the associated tube in terms of the 
e.m.f. applied to the circuit. It can easily be shown* that 
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the “gain” is simply the ratio of the generated potential 
(i. e. the potential appearing across the coil, hence the 
potential applied to the grid) to the applied e.m.f. These 
potentials are obviously 90 deg. out of phase and their ratio 
as given above is always greater than unity and corresponds 
roughly to a circuit potential amplifying factor. Thus if 
a circuit has a high gain it may be considered very good 
whereas a low gain corresponds to a poor circuit. This idea 
may be easily extended to a coil if by the gain of a coil we 
mean the gain of a circuit made up of the coil and a con- 
denser of negligible resistance. This factor, the gain, as 
defined above is also equal to the circuit selectivity or sharp- 
ness of resonance and it is therefore obvious that for 
broadcast reception the gain should not be excessive, not 
over 250. perhaps for the ordinary ear. 


It is readily shown that 
Selectivity—Gain— = 
f 2 ^ f 1 


where f, is the natural frequency of the oscillating cireuit 
when in resonance with the applied frequency, f, is the 
natural frequency of the circuit above resonance such that 
the oscillating current is 70.7 per cent of the current at 
resonance and f, is the natural frequency of the tuned cir- 
cuit at а point below resonance such that the oscillating 
current is 70.7 per cent of the current a£ resonance. Choos- 
ing therefore а mean broadcast frequency of 750 kc. and 
making the assumption that G— 250; one finds that the 
width of the resonance curve between points where the 
oscillating current (and hence the generated potential) 
falls to 70.7 per cent of its maximum at resonance is 3,000 
cycles. With G—250 modulation frequencies of 1500 cycles 
will then be amplified in potential but 70.7 per cent that of 
low modulation frequencies. This difference in amplification 
would be noticeable to a good ear but there is little doubt 
that the audio amplifier will partially make up this loss 
due to audio frequency regeneration which will accentuate 
the high frequencies 4nd the arbitrary selection of 250 for 
the maximum value of G seems satisfactory for present day 
néeds at least. | 

Returning now to the consideration. of the coil, let us 
write down the essentials of the supreme coil. Perhaps not 
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all of these сап be obtained immediately but the coil to be 
described seems to fulfill the requirements to a surprising 
degree. The essentials of the ideal coil are somewhat as 
follows: 


(1) The gain factor and hence the selectivity of the 
circuit as defined in the preceding paragraphs should be a 
maximum but should not exceed a mean value of 250 if the 
coil is to be used for broadcast reception and faithful re- 
production desired. 


(2) The external field of the coil should be zero or 
certainly nearly so in order to reduce to a minimum stray 
energy exchanges within the radio set. 


(3) The distributed capacity of the coil should be very 
low in order that the tuning range should be a maximum 
and in order that the dielectric losses within the coil may 
be a minimum. A nearly uniform potential gradient should 
exist throughout the coil and the terminals should be well 
separated so that connecting wires will not introduce ex- 
cessive capacity. 

(4) The physical structure of the coils should not be 
excessively large taking into account the fact that a small 
coil necessarily means a low value for the gain under similar 
types of construction. 

(5) Mechanically it should be strong and capable of 
withstanding a certain amount of abuse. 

The first essential contains much implied meaning, since 
for the gain and the selectivity to be large, great care must 
be exercised in the selection of materials and so placing them 
as to produce no unnecessary losses. It would appear that 
essentials (2) and (3) are entirely incompatible and it is 
оп this point that the great advantage of the new coils 
depends for it has been found possible to satisfy both con- 
ditions simultaneously by a speciai method of winding the 
coils. 

The single layer solenoid which is the coil in general use 
today has a relatively large value for the gain when properly 
constructed. It has a sufficiently low distributed capacity 
and satisfies all requirements well enough except that relat- 
ing to its external magnetic field. On this point the simple 
solenoid is very poor for it is well known that if a solenoid 
is not carefully placed at some distance from other parts of 
the radio set its exterior field will play havoc by causing 
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undesired interaction. The external field is a double dis- 
advantage in that the coil will easily affect other parts of 
the circuit and conversely other parts of the circuit easily 
affect it. In addition to this difficulty the field will set up 
eddy currents in any metal parts and dielectric losses in 
any insulator which will react unfavorably on the gain 
factor. 

The toroid on the other hand has a very small exterior 
field but the selectivity and gain are very low. The dis- 
tributed capacity is relatively large so that on the whole 
one is worse off by using a toroid in place of the single 
layer solenoid. 

The points in favor and against each type of coil may 
be summarized as follows. The good features have been 
marked plus and the bad features minus. 

Single Layer Solenoid. 

+ (а) High value for the gain and selectivity. 

—(b) Large exterior field. 

+ (c) Moderate values for the distributed барай. 

Simple Toroid. 

—(a) Very low to moderate values for the gain and 
selectivity. 

-+-(b) Very small exterior field. 

—(c) Large distributed capacity. 

The points not mentioned are on the whole satisfactory 
for both types. It will be observed that one type of coil has 
one set of advantages and the other coil has the complemen- 
tary ones, so if one could combine the advantages of each 
into one coil the resultant coil should be most satisfactory. 
The new Torusolenoids do just this; whence the name. 

During the preliminary work on this subject the author 
saw that there was little chance of modifying the solenoid 
so that its exterior field would be small but there did seem 
to be lots of room for improvement in the toroid! The 
toroid was chosen as the coil that offered the best all around 
possibilities and much work was done in an attempt to 
improve it in its simple form but with scant success. 


METHOD OF CONSTRUCTION 


The author's coil in external appearance is not unlike 


the usual toroid except it will be observed that the terminals 
of the new coil are on opposite ends of а diameter while 


— 


c,h ean nd 
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in the conventional type the coil ends are adjacent. By 
the use of the new method the potential gradient is made 
nearly uniform along the coil and the high and low potential 
ends are well separated. This fact helps explain how the 
distributed capacities are kept to low values. It will be 
observed on closer examination that the coil is wound in 
two sections, the sections are wound in opposite directions, 
that is to say one half of the coil is a right hand spiral and 


Fig. 1—Torusolenoid—The fieldless low-capacity high-gain coil. 


the other half is a left hand spiral. This arrangement means 
that the two wires leading to either terminal start around 
the coil in the same direction. This particular method of 
winding secures a uniform magnetic field intensity within 
the coil so that there is no tendency whatever for the mag- 
netic flux to stray out of the coil and cause interference with 
other parts of the set. The diagram of Fig. 1 shows the 
general method of winding much better than it is possible 
to describe it in words. It will be observed that each section 
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or half is in itself a complete coil and the purpose of its 
associated coil is simply to provide a return path for the 
magnetic flux of the first coil. Thus each coil is mutually 
dependent on its mate for its efficiency. Now since the 
two coils are connected in parallel it is obvious that the 
inductance of each half must be twice the resultant in- 
ductance so that in the calculation of the number of turns 
necessary for a given inductance a factor of four must be 
introduced into the usual equation. This brings us to a 
third fundamental difference between the new coils and the 
old type. The high value of inductance for each half of 
the coil allows the use of a large number of turns of 


Wovelength 
Fig. 2—Commercial “low loss” toroid 
110 Turns, No. 20 B. & S. 
L, = 330,,h. — А, = 93.4m. — C, = T5 upt. 


relatively small wire. This is of considerable value in in- 
creasing the gain when taking into account other factors 
such as the fact that there are effectively two coils in 
parallel, for it is well known that at high frequencies the 
smaller wires use the copper more effectively. The use of 
small wire aids greatly in cutting down eddy current losses 
and the distributed capacity of the coil. One other feature 
should be mentioned and that is to point out that while the 
simple toroid has an exterior field corresponding to a single 
turn of wire whose mean area is that of the coil, the new 
torusolenoid has practically no field since the fields in each 
half tend to cancel each other outside the coil proper. 
Some of the new coils have been mounted on pyrex rings 
and others on hard rubber forms upon which the coil and 
binding posts could be mounted. This method reduces to 
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a minimum all losses since the coils are almost self support- 
ing and the individual turns are properly spaced. The size 
of the coils have been limited to 414 inches since it was 
recognized that coils much larger than this would be un- 
suitable for ordinary use. By increasing the size of the coil 
the gain may be made much larger than the coils described 
in this paper and conversely if a coil is made smaller, assum- 
ing the same general type of construction the gain factor 
will necessarily be decreased. 

The inductance may be computed for this type of coil 
by aid of the following relation which is similar to the usual 
equation save for a factor of four. 


L, = 0.00816 N' [ R ү Е — А] 


where L, is the inductance in microhenrys, R the distance 
from the axis of symmetry to the center of cross section of 
the winding, A is the radius of the turns of the winding 
and N is the total number of turns of the winding. All 
dimensions are to be inserted in centimeters. There is no 
known way of computing the other constants of the coil 
and these must be determined by experiment. 


RESULTS 


Turning our attention to the actual results of tests on 
the improved coils we shall discuss in order the important 
characteristics of the coils as follows: 


(a) The gain and selectivity. 
(b) The exterior field. 
(c) The distributed capacity. 


As a basis of comparison the writer purchased a so-called 
low loss toroid and obtained all necessary data to rate the 
coil properly. It was wound with 110 turns of No. 20 B.S. 
wire, was self supported and had no dielectric whatever 
except the cotton insulation. Its direct current resistance 
was but 0.9. ohm while its high frequency resistance at 300 
meters was 20.5. ohms. The curves of Fig. 2 show the re- 
sistance and gain. for wavelengths within the broadcast 
band. The fundamental wavelength of the coil was 93.4 
meters and its distributed capacity was 7.5 micro-micro- 
farads. 
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GAIN 


It will be remembered that the gain is a function of the 

circuit constants only and is equal to 
G= 2rfL, 1 L 
= Б r =R VT 

where the symbols have the usual meaning. This factor 
may be determined directly by means of a vacuum-tube 
voltmeter or it may be computed from known data on the 
coil. The value of the gain will obviously depend on the 
coil and its numerical value will range from perhaps 60 for a 
poor coil to 300 for a high-class coil. A value much over 
250 is undesirable for broadcast reception since the quality 
of reproduction would be impaired due to the suppression 
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of the side bands. The new torusolenoids have values for 
the gain from 135 to 250 for solid wire-wound coils and 8$ 
high as 300 for litzendraht coils of moderate size. The curves 
of Fig. 3 show how the gain and effective series resistance of 
a typical solid wire-wound torusolenoid changes with wave- 
length. It is interesting to note that the average high fre 
quency resistance of the torusolenoids is only about twice 
its direct current resistance whereas the sample. of the 
simple toroid has a high frequency resistance about 18 times 
the а.-с. resistance. The data for a litzendraht coil w hich 
is typical of the class are shown in Fig. 4 and are plotted in 
solid lines. It will be seen that the gain over the broad 
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band averages well over 200 and rises to well over 250 at 
550 meters. The dotted curves of Fig. 4 show plainly the 
effect of enclosing the coil in a metal can and is remarkable 
in that the gain is decreased by only about 18 per cent and 
rather definitely showing that the exterior magnetic field 
is zero. 

An examination of the curves, which have all been 
plotted to the same scale, shows that the solid wire-wound 
torusolenoids have the highest gain at the short wavelengths 
and decrease as the wavelength is increased. On the other 
hand the litzendraht coils show a relatively lower value at 
the short wavelengths and increase uniformly with increas- 
ing wavelength. This type of characteristic seems to offer 
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Fig. 4—Torusolenoid 
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certain advantages since in general the energy transferred 
to a coil is greater at high frequencies with the usual 
methods of coupling, so a lower value for the gain can be 
tolerated. By proper design it would appear that uniform 
amplification could be obtained over the entire broadcast 
range since the gain seems to be nearly a linear function 
of the wavelength and the induced e.m.f. a linear function 
of the frequency. More work is being done on this matter 
in order to verify this prediction since a straightforward 
electrical solution of this problem is more desirable than 
mechanical means of varying the coupling. 
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The peculiar characteristic just described together with 
gain factors at least equal to the simple solenoid seems to 
indicate that the new coils are at least on the par with any 
other type when considering their gain. 


EXTERNAL FIELD 


The external field of the new coil is even less than that 
of the ordinary toroid since the ordinary toroid has a field 
associated with it which is equivalent to a single turn whose 
area is equal to the mean area of the coil. In the torusolenoid 
the current divides and the external field of each half tends 
to neutralize the other. 

In order to test experimentally whether the torusolenoid 
had an external field, a test coil was properly connected to 
а small fixed condenser and a sensitive thermogalvanometer. 
This combination was tuned to resonance with a powerful 
oscillator. The coil was then placed directly in the field of 
an oscillator plate coil which was carrying 10 amperes of 
a frequency corresponding to the tuned circuit of the coil. 
The coil under test was oriented in all directions but no 
current could be detected in the coil circuit. This test 
appears to show that the external field of the torusolenoid 
may be said to be effectively zero and hence stray energy 
exchanges due to magnetic effects are nonexistent. 


DISTRIBUTED CAPACITY 


It has been recognized for a long time that one of the 
essentials of a good coil, regardless of its type, was a low 
distributed capacity. A low distributed capacity guarantees 
that the electric gradient within the coil has been kept small 
and the size and distribution of the wire used in winding 
has been well chosen. A low distributed capacity is particu- 
larly valuable these days when many broadcast stations are 
at the extremes of the band and the band none too narrow. 
The torusolenoids have shown an exceptionally low value 
for the distributed capacity, so low in fact that the usual 
method of plotting А? against the capacity and extrapolating 
could not be used. The procedure used was to determine 
the fundamental wavelength of the coil by a simple means 
and then compute the distributed capacity from the relation 

Xo 
8.55 L 
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where C, is the distributed capacity in micro-micro-farads, 
ào is the fundamental wavelength of the coil and L is the 
inductance in microhenrys. | 

The average torusolenoid will show distributed capaci- 
ties of from 4 to 5 micro-micro-farads when properly con- 
structed. The data on the commercial coil are included in 
Fig. 2 for comparison. 

There are many variations which may make use of the 
new type winding. One method which has been found fairly 
good is to make use of two slender solenoids which were 
wound in opposite directions and connected in parallel. This 
type of mounting yields a coil whose characteristics are 
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shown in Fig. 5. It will be observed that the gain may be 
made quite high but here again there is an appreciable 
exterior field and a choice made as to what characteristics 
are most desirable. 

Consideration of all the factors involved in these coils 
and their properties show that the torusolenoid fulfills to 
a remarkable degree the requirements of the ideal coil. The 
features possessed by the torusolenoids may be summarized 
as follows: 

(a) They have a high value for the gain and selectivity. 

-(b) Their external magnetic field is vanishingly small. 

(c) The distributed capacity is remarkably low. 

(d) They are moderate in size taking into account item 
(a). 
(e) They are mechanically strong enough to withstand a 
reasonable amount of abuse. 
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SUMMARY 


_ An improved high frequency inductance of radical de- 
sign is described which represents the successful attempt to 
combine into one inductance all the desirable features of 
both the toroid and the single layer solenoid. 

The new inductance which has been called the “Torusol- 
enoid" has been found to incorporate the following features: 
1. It has substantially zero external magnetic field. 

2. It has a high value for the "gain". 

3. It has very low distributed capacity. 

4. It has no major disadvantages when used as.an in- 

ductance. 

The term "gain" is defined and shown to be a measure 
of coil performance. Supporting data on representative in- 
ductances incorporated in the paper show that the new in- 
ductances offer many advantages, and for all-around per- 
formance are unsurpassed. 
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Robison’s Manual of Radio Telegraphy and Telephony 


BY 
COMMANDER (now REAR ADMIRAL) S. S. ROBISON, 
U. S. Navy. 


Revised by COMMANDER S. C. НООРЕВ, U. S. Navy and 
LIEUTENANT COMMANDER Т. А. M. CRAVEN, U. S. Navy. 


Seventh Revised Edition; 737 pp.; 424 fig.; The United 
States Naval Institute, Annapolis, Md. ; Price $5.50. 


This book is divided into four sections headed in order, 
(1) theory of radio communication, 462 pp.; (2) applica- 
tion, 125 pp.; (3) radio measurements and precision 
instruments, 92 pp.; (4) useful information, 46 pp. 

Section 1 dealing with the theory of radio communica- 
tion includes the elementary theory of electricity, alternat- 
ing current theory, application of alternating current 
theory to radio circuits, theory of damped oscillations, 
theory of vacuum tubes, theory of wave propagation, and 
radio accessories such as inductance coils, condensers and 
quartz crystals. A chapter on quartz crystals and one on 
the Taylor-Hulburt theory of transmission appear as addi- 
tions in this revision. This section presents the principles 
underlying radio communication in a clear and concise man- 
ner: Jasse Ness AU ae ur | | 

Section II, presenting the applications, includes radio 
transmission, | radio reception, and radio compass. This 
section deals with descriptions of apparatus for transmis- 
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sion, reception, and radio compass. The work on spark and 
arc transmitters is abbreviated in this edition. The work 
on receivers is largely rewritten. 

Section III on radio measurements and precision instru- 
ments consists of twenty-six experiments of practical and 
precise measurements. These are suitable for teachers in 
need of such material as well as for laboratory workers. 
This section is almost identical with the corresponding work 
in the 6th edition. 

Section IV, useful information, includes tables and 
formulas which are needed by the radio student. In this 
edition this section has been shortened by the omission of 
the work on elementary mathematics, and on laws and 
regulations. 

Taking the book as a whole it is very readable. The 
explanations are remarkably clear and concise. Figures are 
good, well placed, and used to advantage in connection with 
the text. The many worked examples are helpful. Mathe- 
matics is not avoided but is used in such a way that the 
inexperienced reader can understand it easily. Important 
statements are emphasized by bold-faced type. The binding 
is sturdy. The Manual may be highly recommended not 
only to the elementary student to whom it is addressed 
chiefly, but also to the more mature worker and teacher. 

The following errors in the statements of formulas 
and mathematical work should be noted:— p. 85 R = ISP 

ІР © 


should be E = ~— ‚р. 36 g = ig should be g = ry» and 


1 S. 
I= isp should be 9=-p * Р. 93 ЫВ, cos (t -- dt) 


= ЫВ, cos wt sin edt - sin wt cos edt. should be ЫВ, 
cos о ( t + dt) = ЫВ, ( cos wt cos wit - 81% «ё Sin «Ё ) ; 
p. 167 line beginning “апа substituting", 10° should be 10° 


1 


р. 176 I — .701 I, should be I — .707 1„; р. 225 F- < To 
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Е 1 
h — == 
should be 2 « VLC 
should be A,=1885 v (1, +1) C; and А, —– 1885 
V (L,—L) C should be A, = 1885 V ( L, + L ) C. 


S. S. Kirby. 


; р. 642 А, = 1885 y (L,-L)C 


DIGEST OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY 


Issued August 2, 1927——August 23, 1927 


By 
JOHN B. BRADY 


(Patent Lawyer, Ouray Building, Washington, D. €.) 


1,637,445—A. W. FRANKLIN, New York, N. Y. VARIABLE MICA CON- 
DENSER. Filed Oct. 11, 1923, issued Aug. 2, 1927. Assigned to Chas. 
Freshman Co., Inc. 


1,637,613—F. A. KOLSTER, Palo Alto, Calif. RADIO COMPASS. Filed Nov. 
22, 1920, issued Aug. 2, 1927. Assigned to Federal Telegraph Co. 


кы ита KIMURA, Los Angeles, Calif. Filed Jan. 7, 1925, issued Aug. 


1,637,864—F. A. KOLSTER, Palo Alto, Calif. ELECTRON TUBE APPARA- 
TU er р May 25, 1926, issued Aug. 2, 1927. Assigned to Federal Tele- 
grap о. 


1,637,615—F. A. KOLSTER, Palo Alto, Calif. RADIO COMPASS. Filed 
Nov. 22, 1920, issued Aug. 2, 1927. Assigned to Federal Telegraph Co. 


1, P35 158—ELECTRIC APPARATUS. P. C. HEWITT, Ringwood Manor, 
E J. үе July 30, 1920, issued Aug. 9, 1927. Assigned to Cooper Hewitt 
ectric Co 


1,638,278—CONTACT RECTIFYING DEVICE. W. O. SNELLING, Allentown, 
Pa. Filed Feb. 8, 1923, issued Aug. 9, 1927. 
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1,639.597—CONDENSER. WILLIAM DUBILIER, New York, N. Y. Filed 
May 23, 1922, issued Aug. 16, 1927. Assigned to Dubilier Condenser Corp. 
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ll ula POTENTIAL CONDENSER. WILLIAM DUBILIER, of 


ew York, N. Y. Filed March 7, 1919, issued Aug. 23, 1927. Assigned 
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Washington, D. C. Filed July 29, 1925, issued Aug. 23, 1927. Assigned to 
Wired Radio, Inc. 


1.689,9313—A N TISTATIC AERIAL. R. A. WEAGANT, of New York, N. Y. 
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INSTITUTE ACTIVITIES 


MEETING OF BOARD OF DIRECTION 


At the meeting of the Board of Direction held in the offices 
of the Institute on September 7, 1927, the following were present: 
Ralph Bown, President; Melville Eastham, L. A. Hazeltine, R. A. 
Heising, J. V. L. Hogan and J. M. Clayton, Assistant Secretary. 

. The Board approved the action of the Committee on Admis- 
sions in the case of the following applications: transfer to the grade 
of Fellow, Pendleton E. Lehde and H. E. Hallborg; transfer to the 
grade of Member, Ernest V. Amy, C. C. Harris, Harold Herbert, 
Ross A. Hull, and W. A. Thomas; election to the grade of Member, 
W. H. Bailey, Т. W. Bearup, R. B. Owens, and John Murchie. 

Eighty-four Associate and eighteen Junior members were 
elected. 

During the months of July and August two hundred and thirty- 
seven Associate and thirty-nine Junior members were elected. 

The Board approved the application from members residing 
within the vicinity of Buffalo for the formation of a Buffalo- 
Niagara Section of the Institute. 


New Yonk MEETING OF THE INSTITUTE 


At the first Fall New York meeting of the Institute, held on 
September 7th in the Engineering Societies Building, 33 West 
39th Street, New York, a paper by Messrs. Н. Diamond and J. S. 
Webb was presented by Mr. Diamond. The subject was, “The 
Testing of Audio-Frequency Transformer-Coupled Amplifiers." 

The following took part in the discussion which followed the 
reading of the paper: Professor L. A. Hazeltine, R. R. Batcher, 
George Crom, I. G. Maloff, Melville Eastham, and others. 

The attendance at this meeting was over three hundred. 


News of the Sections 


Practically all of the Sections are making plans for resumption 
of activities for the Fall season. All of the Sections have meetings 
planned for the month of September. 

Those Sections requiring them are now being supplied with 
preprint copies of all papers which are to be presented before the 
New York meetings. In most cases these papers will be available 
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for Section use several weeks prior to the New York meetings. 
Sufficient preprints are being supplied for each person attending 
each Section meeting to secure one at the meeting. 


Committee Work 


At the meeting of the Committee on Admissions held on the 
afternoon of September 6, 1927 in the offices of the Institute, the 
following were present: Professor L. A. Hazeltine (Acting Chair- 
man) and Messrs. R. A. Heising and H. F. Dart. 

The Committee acted upon thirty-five applications for transfer 
or election to the grades of Fellow and Member. 


Fourteen Year Index 


Printing of the fourteen year Index to the PROCEEDINGS 
has been held up unavoidably. It is hoped that this Index will be 
in the mails shortly after the October issue is published. When 
completed, each member of the Institute will be mailed a copy of 
the Index. 

The price to non-members will be one dollar. 


LONG-WAVE RADIO MEASUREMENTS AT THE 
BUREAU OF STANDARDS IN 1926, WITH 
SOME COMPARISONS OF SOLAR AC- 
TIVITY AND RADIO PHENOMENA* 


By 
L. W. AUSTIN 


(Laboratory for Special Radio Transmission Research conducted jointly 

by the Bureau of Standards and the American Section of the International 
nion of Scientific Telegraphy). 

The following is a résumé of the measurements made by the 

Bureau of Standards on long-wave signal intensities and atmos- 

pheric disturbances during 1926, to which have been added some 
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Fig. 1—Annual Average Signal, 10:00 A.M. 


measurements from former years for the purpose of studying the 
relations of radio transmission and atmospheric disturbances to 
other natural phenomena. 
Received by the Editor, July 12, 1927. 
\ before the International Union of Scientific Radio Telegraphy, 
American Section, April 21, 1927. 


* Published by Permission of the Director of the National Bureau of 
Standards of the U. 8. Department of Commerce. 
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The method of measuring weak signals through heavy atmos- 
pherics, described in the report for 1925'in which a correction factor 
for the deadening effect of the atmospherics is determined by 
measuring the apparent strength of a correspondingly weak arti- 
ficial signal, with and without atmospherics, has proved entirely 
successful. 


ANNUAL AVERAGE SIGNAL & 
ATMOSPHERIC DISTURBANCES 
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On account of the lack of assistants in the laboratory for taking 
night and holiday observations, much time has been devoted by 
my assistant, Mr. Judson, to experiments on automatic measuring 
apparatus. At the close of the year these experiments had so far 
progressed that regular 24-hour records were being made of the 
Bordeaux, Tuckerton, and Cape Cod signals and atmospheric 
disturbances, using a high antenna for Bordeaux and a lower one 
for the American stations. A Cambridge-Paul recorder is being 
used which records at every half minute for five minutes in each 


! Proc. I. R. E., vol. 14, p. 663; 1926. 
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hour on each station being measured, the antenna and secondary 
circuits being changed in tune by means of a clock-controlled relay 
and secondary relays. The capacity of the system will permit 
further stations to be added when it seems desirable. It is, of 
course, not expected that European stations can be recorded during 
the summer without interruption from atmospherics. Apparatus 
is also being developed for recording the direction of atmospherics. 
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The tables and Figs. 1 to 4 are similar to those given in former 
reports and are in general self-explanatory. The daylight strength 
of all the stations shown, except LPZ, has continued to rise during 
1926 while the average daylight atmospheric disturbances have 
continued to fall. 

Fig. 3 shows the seasonal variations of the 10 a.m. (E.S.T.) 
all daylight signals of various stations.  Practically all these 
stations show a peak in the curve of monthly averages in Septem- 
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ber or October, while the European stations show low values in 
November and generally in December and January. A number of 
stations also have peaks at some time in the spring. The north- 
south stations NAU (Porto Rico) and LPZ (Argentina) do not 
show the late autumn and winter minima nor does KET (Bolinas, 
Calif.) (3 p.m.)? although its transmission is west-east. This con- 
firms our earlier surmise that the low autumn and winter signals 
of the European stations are due to the proximity of the European 
sunset to the transmitting time of the signals received at 10 A.M. 
The September or October peak may possibly have some sig- 
nificance. It is conceivable that it may have some connection with 
the autumn peak of the curve of terrestrial magnetic range. 


TABLE I 


Average Signal Intensity and Atmospheric Disturbances for Lafayette (LY), Ste. Assise (FU) 
Nauen (AGW), Rugby (GBR), Monte Grande (LPV) and Rio de Janeiro (SPR), 
in microvolts per meter. 


A.M. Р.М. 
__1926 LY FU AGW GBR LPV SPR Dist. LY FU AGWGBRLPV SPR Dist. 
January 150 02 68 134 — — з 240 91 116 — — — 48 
February 157 76 51 130 — — 32 186 65 72 0 — — 54 
March 150 70 54 137 — — 38 203 83 63 159 —— — 59 
April 168 63 60 156 — — 65 174 73 53 129 -— — 96 
May 162 74 62 155 51 — 41 144 59 46 127 31 — 148 
June 154 63 56 134 42 — 40 100 45 40 94 25 — 176 
July 161 52 44 145 31 40 40 113 42 32 110 — — 232 
August 142 49 47 165 27 36 44 96 40 39 107 15 30 435 
September 181 64 59 230 38 38 34 142 47 42 181 — 18 £209 
October 124 54 49 145 33 36 39 122 58 53 152 34 27 82 
November 90 37 43 122 29 37 39 .148 58 55 149 27 30 54 
December 120 52 49 — 34 43 27 256110 89 310 — 37 37 
Average 148 00 54 151 36 38 39 161 64 58 154 26 28 136 


Last year much time was devoted to a study of the observa- 
tional data of the laboratory in regard to a relationship with 
temperature and this relationship was quite definitely established 
as far as stations at moderate distances are concerned.’ 

At present the relationships of radio phenomena to solar ac- 
tivity and terrestrial magnetism are being examined. Some pre- 
liminary results of this study are here given. 


SOLAR ACTIVITY AND RADIO PHENOMENA 


It has been often suspected that a connection exists between 
radio and the aurora and magnetic storms. The connection with 
magnetic storms was first definitely established by Espenschied, 
Anderson and Bailey‘ in the work of the Bell Telephone Company 
in preparation for the establishment of a transatlantic telephone 

2 The З Р.м. signals from Bolinas are given instead of those at 10 A.M. as 
these give better all daylight conditions. 


roc. I. R. E., vol. 14, p. 781; 1926. 
‘Proc. I. R. E., vol. 14, p. 7; 1926. 
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service. They found that magnetic storms greatly decreased the 
strength of night signals and slightly increased the daylight 
strength. This effect was more pronounced at a wave length of 
5000 m. than at 17000 m. Since terrestrial magnetism is known 


TABLE II 


Average Signal Intensity and Atmospheric Disturbances for Ste. Assise (FT), Bolinas (KET, 
Nauen (AGS), Monte Grande (LPZ), Leafield (GBL) and Coltano (ICC) in 
microvolts per meter. 


A. M. P. M. 

1926 FT KET AGS LPZ GBL ICC Dist. ЕГ KEL AGSLPZ GBL ICC Dist. 
January 48 72 33 57 20 41 27 54 76 47 43 22 — 39 
February 53 70 40 53 31 45 27 54 91 41 36 20 — 44 
March 55 69 40 51 25 37 33 56 68 40 31 19 — 47 
April 60 71 42 40 27 43 57 49 71 34 33 22 24 84 
May 59 76 47 41 23 46 33 38 55 27 17 15 31 129 
June 48 62 35 39 21 44 35 21 41 21 15 12 22 153 
July 30 57 31 34 16 34 34 25 36 17 17 15 21 192 
August 44 — 35 28 14 31 42 27 48 22 28 — 23 300 
September 42 58 42 10 20 40 27 20 47 — — 14 24 128 
October 43 67 37 38 24 36 34 39 70 31 27 21 29 72 
November 32 63 23 41 15 25 29 48 59 37 32 20 36 44 
December 32 65 31 42 16 27 20 56 78 38 42 20 44 29 
Average 46 66 36 42 21 37 33 41 62 32 29 18 28 lll 


to be closely connected with solar activity & similar connection 
of solar activity and radio signal strength was to be expected, and 
Pickard, іп a recent paper,’ has shown that such a relationship 
exists. 

Rough observations on signal strength by the shunted tele- 
phone method were begun in this laboratory in 1915, and on the 
strength of atmospherics a little later, while since 1922 measure- 


TABLE III 


Average Signal Intensity and Atmospheric Disturbances for El Cayey (NAU) 
in шон per meter 


P. M. 

1926 NAU Dist. NAU Dist. 
January 78 13 69 15 
February 81 13 70 20 
March 96 17 65 24 
April 66 29 51 42 

ay 83 17 54 71 
une 80 18 51 80 
July 65 17 41 112 
August 72 23 61 147 
September 91 16 57 80 
O:tober 66 15 65 30 
November 83 14 54 19 
December 92 11 83 13 
Average 79.6 16.9 60.1 54.4 


ments of these quantities have been made which have considerable 
accuracy. These observations, which were originally planned for 
the purpose of making comparisons with other natural phenomena 
furnish considerable material for the present study. 

In Fig. 5 the annual averages of sunspot numbers and the all 
daylight reception from Nauen in Washington from 1915 to 1926 
is seen. The earlier years of the Nauen reception curve have little 


* Proc. I. R. E., vol. 15, р. 83; 1927. 
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claim to accuracy but it is certain that there was a reception maxi- 
mum in 1917 and low values from 1920 to 1924. The signals are 
reduced to uniform antenna current. 

Fig. 6 shows the relationship between the monthly average 
sunspot numbers and the monthly average strength of the all 
daylight signals from Nauen covering a period of five years from 
1922 to 1926 inclusive. In order to eliminate the effects of seasonal 
variations on the signal strength, the observational points on the 
curve are the deviations from the means of the same months for 
the five years. 
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Fig. 4 


Fig. 7 shows a similar curve for ће averages of a number of 
stations, from 1924 to 1926. These curves of sunspots and signals, 
while not following each other exactly from month to month, 
show a quite definite positive correlation between solar activity 
and strength of long wave daylight radio transmission averaged 
over long periods. 

Thus far our conclusions are reasonably certain, but in what 
follows I feel that we are on much less secure ground. 

If the existence of a correlation between solar activity and 
radio be accepted, it is natural to suppose that there may be 
variations in radio reception which may show а connection with 
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TABLE IV 
MISCELLANEOUS OBSERVATIONS ON SIGNAL INTENSITY IN MICROVOLTS PER METER 
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the period of rotation of the sun. It would not of course be expected 
that the changes in strength of reception would regularly follow 
the solar rotation, but if the irregular terrestrial factors could be 
eliminated, it might well be that, on an average, a waxing and 
waning of the signal strength would be found as the sun ro- 
tates. 

When it is suspected that observed values may have a tendency 
to vary in a definite period, one of the best methods of handling 
the data is to divide the observations into groups of days equal 
to the suspected period, and then average the corresponding ob- 
servations of the successive groups. By this process the real 
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Fig. 5—Annual Average Signal Intensity of Nauen (AGS), 10:00 a.m. and 
Sunspot Numbers. 


periodic changes should build up while others should tend to 
cancel. The apparent time of solar rotation is somewhat indefinite 
since the surface of the sun is gaseous. At the solar equator, the 
rotation period is about 25 days, at a latitude of 75 degrees, it is 
32 days, while in the region where the sunspots are most numerous, 
it may be taken approximately as 27 days. 

In Figs. 8 and 9 the signal field strength deviations from 
monthly averages have been divided into successive periods of 
27 days, and the periods averaged, all the first days of all the 
periods, then all the second days and so on. Fig. 8 shows the results 
of this procedure for the sunspot numbers and for the daylight 
signals from Nauen AGS for the three years, 1922-1924 inclusive, 
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and also for 1925 and 1926.5 From this figure it appears that 
the Nauen signals, like the sunspot numbers, vary with the solar 
rotation and keep persistently in nearly opposite phase to them. 

Some stations like LPZ (Argentina) appear to show very little 
27-day variation; while in some cases, Bordeaux for example, 
Fig. 9, there seems to be a strange persistence in the signal curve 
forms even after an interval of a large number of 27-day periods. 
It is interesting to note in Fig. 9 that the two curves of the first 
halves of the two different years are more nearly alike than the 
first and second halves of the same year. In this connection it 
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may be remembered that the spots of the sun's northern hemi- 
sphere face the earth from December to June, while from June to 
December the southern spots face us. In addition to the 27-day 
periods there also seem to be indications of periodic changes in 
signal strength in shorter periods than 27 days. Some of the 
stations appear to show a 9-day period, which is one third of the 
period of solar rotation, while in some cases even shorter periods 
can be detected. 

6 For the sake of clarity the observation points in all the periodic average 


curves have been repeated beyond the 27-day period and in some cases smooth 
curves have been drawn through the irregular curves of the actual averages. 
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It seems scarcely possible that such detailed resemblances as 
are shown in Fig. 9 can represent anything real in solar and radio 
relations, but while they are very possibly without real significance, 
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the similarities are tantalizing. The continuation of these periodic 
changes through several years, if they are real, would indicate 
fixed active areas on the sun which persist over very long periods. 


TABLE V 
Data ror Tane IV. 


Approximate 


Station wave length Frequency Location 
AXL 18 300 m 16.3 ke Warsaw, Poland. 
AGX 14 500 m 20.6 ke Eilvese, Germany. 
GB 7 800 m 38.4 ke Glace Bay, N.S. 
IDG 21 000 m 14.2 ke Pisa, Italy. 
LCM 12 000 m 24.9 kc Stavanger, Norway. 
MUU 14 000 m 21.4 ke Carnarvon, Wales. 
NPL 10 000 m 20.9 kc San Diego, Calif. 
NBA 6 500 m 46.1 ke Darien, Panama. 
PCG 17 800 m 16.8 ke Kootwijk, Holland 
SAQ 18 500 m 16.2 kc Goteborg, Sweden. 
YN 15 400 m 19.7 kc Lyons, France. 
AFL 7 ХЮ m 38.4 ke KGnigs-W ust erhausen, 
Germany. 
NPG 10 500 m 28.5 ke Mare Island. Calif. 
СКВ 6 SOO m 44.0 ke Northolt, England. 
FZ 10 200 m 29.3 ke Beirut, Syria. 
IDO 11 000 m 27.2 ke Rome, Italy. 


In addition to the comparisons of solar activity and signal 
strength, a study is also being made of possible relations between 
solar activity and the strength of daylight atmospheric dis- 
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TABLE VI 
TRANBMIS8ION DATA FOR TABLES I, II AND III. 
1926 
Frequency Wave Antenna Effective Distance 

Length Current Height d 

f ` 1 h km 
LY®, Bordeaux 15.9 18 900 570 180 6160 
FU, Ste. Assise, Paris 15.0 20 000 475 180 6200 
FT, Ste Assise, Paris 20.8 14 400 380 180 6200 
АС ҰЗ, Nauen, Berlin 16.5 18 100 457 170 6650 
AGS*, Nauen, Berlin · 23.4 12 800 398 130 6650 
GBR®, Rugby 16.1 18 600 653 185 5930 
GBL, Leafield, Oxford 24.4 12 300 210 75 5900 
LPZ, Monte Grande, Buenos Aires 23.6 12 700 600 143 8300 
LPV, Monte Grande, Buenos Aires 17.0 17 600 565 143 8300 
SPR, Rio de Janeiro 13.8 22 000 780 150 7800 
КЕТ*, Bolinas, San Francisco 22.9 13 100 659 51 3920 
ICC, Coltano, Pisa 19.9 15 000 380 150 7100 
NAU, Cayey, Porto Rico 33.8 8 870 150 120 2490 


® Daily antenna current reported. Other antenna currents more or less uncertain. 


turbances. This will be more fully reported at another time, but 
the preliminary results are as follows: Here the connections are by 
no means so clear as in the case of the signals. A comparison of the 
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monthly averages of sunspots and long wave daylight atmos- 
pherics, covering several years, shows little certain correlation 
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between the two. If a correlation exists, it is apparently negative; 
that is, there has been a tendency since 1924 for the atmospherics 
to decrease with the increasing sunspot numbers of the advancing 
11-уеаг cycle. Twenty-seven day periodic averages also appear 
to show some degree of negative relation for the daylight atmos- 
pherics. 

In conclusion, the observations show with considerable cer- 
tainty that there is a general increase of signal strength with 
increasing sunspot numbers. There also appears to be a possible 
periodic relationship between the sunspot numbers and daylight 
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Fig. 9 


signals, in which, in the case of most stations observed, the signals 
are nearly in opposite phase to the periodic changes of the sunspots. 
This is in agreement with the results of Pickard in the broadcasting 
range. While the work thus far must be considered to be in the 
preliminary stage, it seems probable that the relations of solar 
activity and radio phenomena will be found to be as worthy of 
study as those of solar activity and terrestrial magnetism. 

A limited number of mimeographed copies of the Bureau of 
Standards record of daily signal measurements of long wave 
stations since January 1, 1924, are available for distribution to 
those engaged in the study of radio transmission phenomena. 


RADIO ATMOSPHERIC DISTURBANCES AND 
SOLAR ACTIVITY* 


By 
L. W. AUSTIN 


(Laboratory for Special Radio Transmission Research, Bureau of Standards) 


The suggestion that atmospheric disturbances might be due 
to a bombardment of the earth’s atmosphere by electrified particles 
from the sun was first made by De Groot! in 1917. A number of 
years later the U. S. Navy began experiments looking toward the 
establishment of a connection between these disturbances and 
solar activity. It was thought that there might be such a con- 
nection in the case of the type of atmospherics which sometimes 
produces simultaneous disturbances in the receiving apparatus 
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Fig. 1—Annual Average Atmospheric Disturbances, 3:00 P.M. (24 ke, 
12500 m) and Sunspot Numbers. 


at widely separated points as in Honolulu and San Francisco or 
even in Honolulu or San Francisco and Berlin? There seemed to 
be some evidence that these simultaneous disturbances took place 
when the large sunspots were in the center of the sun’s disk facing 
the earth. The observations were made in San Francisco and in 


Received by the Editor, July 12, 1927. 

Read before the American Geophysical Union (Section of Terrestrial 
Magnetism and Electricity), April 28, 1927. 

* Published by permission of the Dircetor of the National Bureau of 
Standards of the U. S. Department of Commerce. 

1 C. De Groot, Proc. I. R. E., vol. 5, p. 75; 1917. 

2 Baumler, Jahrb. d. Drahtlosen Te eg., vol. 19, p. 325; 1922. Proc. 
I. R. E., vol. 14, p. 765; 1926. 
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Washington and were continued intermittently for more than a 
year but without leading to any definite conclusion. 

During the past year an examination has been made of the 
observational material on daylight disturbances between 9000 
and 20,000 meters wavelength collected by this laboratory since 
1918. In the earlier measurements the strength of the atmospherics 
was determined by the shunt across the telephone at which three 
crashes could be heard in ten seconds. This was subject to all the 
general inaccuracies of the shunted telephone method, including 
the effect of changing observers and possible changes in the 
sensitiveness of the telephones from time to time. The present 
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Fig. 4—27-Day Period. Atmospheric Disturbances 10:00 A.M. (f—15ke, 
20,000 m.) and Sunspot Numbers, 1925. 


method which was adopted in 1924 rates the strength of the dis- 
turbances in terms of the measured strength of an artificial signal 
which is just readable through them. The changes in methods of 
measurement do not permit comparisons of the earlier and later 
observations which are of much quantitative value. It seems 
certain, however, that the daylight atmospherics at 12,000 meters 
between 1920 and 1924 were considerably stronger than during 
1918 and 1919 and during 1925 and 1926. This would indicate 
a general negative correlation with sunspots. This is shown in 
Fig. 1. The values before 1924 are dotted to indicate their com- 
paratively low accuracy. Fig. 2 shows the deviations of the 
individual monthly averages from the three-year monthly averages 
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of the 20,000-m. atmospheric disturbances and of the sunspot 
numbers from 1924 to 1926. The deviations are used, rather than 
the monthly averages themselves, in order to eliminate the large 
seasonal variations of the atmospherics. The increase in the 
sunspot numbers with the advancing eleven-year cycle is evident 
in the figure. The atmospheric disturbance curve, however, is 
rather noncommittal, but with some evidence of a negative cor- 
relation. The indistinctness of this relationship can be compared 
with the much more definite correlation of sunspots and signal 
intensity, as shown in Fig. 3, where the mean values of the daylight 
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signal strength of several long-wave stations are compared with 
the sunspot numbers by the same methods and over the same 
period of time. 

If the atmospheric disturbances are dependent upon sunspots 
it would seem probable that there would be regular changes in 
disturbance intensity in the period of the sun’s rotation. Fig. 4 
shows the 27-day periodic averages of the 20,000-m. atmospheric 
disturbances and sunspot numbers in 1925, the points being 
repeated during a second 27-day period for clarity. The dis- 
turbance curve is somewhat smoothed by 3-day moving averages. 
It is seen that this curve, while very irregular, shows perhaps 


Austin: Atmospheric Disturbances and Solar Activity 841 


some slight evidence of being in nearly opposite phase to the 
sunspots. 

Fig. 5 shows a comparison of 10-day averages of 20,000-m 
atmospheric disturbances and sunspots from January 1 to Decem- 
ber 31, 1926. Here the prevailing correlation appears to be also 
on the whole negative. 

For a comparison with these rather indefinite evidences of 
the solar influence on atmospherics, Figs. 6 and 7 show their much 
more definite connection with terrestrial phenomena. Fig. 6 repre- 
sents the quite close relationship between 20,000-m. atmospherics 
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Fig. 6—Temperature and Atmospheric Disturbances—3:00 P.M. 
Ten Day Averages. 


and local temperature averaged in 10-day periods. Here the well- 
known parallel variations with seasonal temperature are seen, 
and in addition there is a remarkable correspondence even in the 
small peaks and troughs of the two curves. Fig. 7 represents the 
relationship of atmospherics and the number of thunderstorms ~ 
recorded in a region within approximately two hundred miles of 
Washington. Here again, as in the case of the temperature, we 
find a close relationship. The connections shown in Figs. 6 and 7 
evidently have to do with atmospherics of comparatively local 
origin. Many of the disturbances are, of course, known to come 
from great distances, but these two figures show how prominent 
a part relatively local atmospherics play in the difficulties of radio 
reception in Washington. 
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In conclusion, while there seems to be some evidence of solar 
influences on long-wave daylight atmospheric disturbances, at 
present, the proof seems insufficient to establish this with certainty. 
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It may be that the influence of solar activity on the weather and 
that of the weather on the atmospheries may be the indirect path 


by which the connection must be traced. 


TWO CONTRASTING EXAMPLES WHEREIN 
RADIO RECEPTION WAS AFFECTED BY 
A METEOROLOGICAL CONDITION* 


By 
LIEUTENANT E. Н. Kincanp, U.S.N. 
(Hydrographic Office, Navy Department) 


The writer has had opportunity at sea to study static with 
relation to the atmosphere since the spring of 1924 on board the 
US.S. Kittery. During 1926, these observations were made with 
the assistance of the radio compass. The research originally started 
on board the U.S.S. Kittery is now being continued by the Hydro- 
graphic Office, Navy Department, in collaboration with the Bureau 
of Engineering, Naval Communications, and the Bureau of 
Aeronautics. 

The purpose of this article is primarily to show that static has 
sufficiently definite relationship to the distribution of the at- 
mosphere as plotted on the daily weather map to enable one by 
proper observations to make use of static in weather forecasting, 
and to make use of our present knowledge of atmospheric distri- 
bution and movement in static forecasting. 

This problem must be considered from two different view- 
points. | 

The first is by making use of instantaneous static intensities 
without reference to any directional properties that static may 
have. This might be called plotting the Highs and Lows of static 
such as we now plot Highs and Lows of barometric pressure. 

‘The first experiment conducted by the U.S.S. Kittery for the 
Navy Department before the introduction of the direction finder 
was on this principle. 

Considering that a definite relationship is established between 
atmospheric structure or changing structure and static, facts 
ascertainable concerning static from one or more points will be 
of value in forecasting weather and our knowledge concerning 
development and movement of atmospheric conditions will assist 
in making static forecasts. 

Received by the Editor, June 8, 1927. 


* Presented before the American Section, International Union of Scien- 
tific Radio Telegraphy, April 21, 1927. 
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Add to this knowledge what directional properties static is 
found to have and we begin to realize the possibility of the value 
of a static observation to a condition remote from the station 
making the observation. It is this latter feature that will prove 
of greatest advantage to the mariner. 

Two examples are given herewith of well-known meteorological 
conditions with contrasting types of pressure distribution. One 
is a well-formed homogeneous High which covers the West Indies, 
the South Atlantic and East Gulf States, and the ocean area 
adjacent thereto. 

Fig. 1 illustrates the static-free and excellent communication 
conditions attending this High. The ship at the time off Cape 
Haytien, Haiti, on 16 March 1927, with a two-kilowatt set had 
no difficulty in communicating with Port au Prince, Haiti, Guan- 
tanamo, Cuba, San Juan, Porto Rico, Arlington, and New 
York. 

Fig. 2, the other example, is of the same geographical area 
but with a hurricane, the most intense type of Low (save tor- 
nadoes) occupying a part of the same area. The Low in this case 
is the historical Miami hurricane shortly after it had passed over 
and devastated Turks Island. The position of the observer was the 
same during the observance of both states of weather and attend- 
ant radio reception conditions, that is, off Cape Haytien, Haiti, 
in this case on the evening of 16 September 1926. 

In the former, the High, static was practically zero and 
reception excellent in all directions over long ranges within the 
High. 

In the latter, the Low or Miami Hurricane, reception was 
impossible although attempts were made to communicate with all 
stations indicated by arrows in Fig. 2, namely, Arlington, San 
Juan, Guantanamo, Port au Prince, and even Cape Haytien, 
Haiti, which was only 40 miles distant. 

Our steering gear broke here as we were entering Tortuga 
Channel to obtain a better lee, and had an SOS been necessary, 
it would have been drowned out by the intensity of the static. 
Fortunately, the U.S.S. Kittery is a twin screw ship, and we used 
our engines until the steering gear was repaired. 

Here we deal not with theory but with facts, namely, (1) that 
on one occasion static was terrific and the observer was within the 
29.60 isobar, southeast quadrant of a hurricane, and (2) on the 
other occasion the observer was within a homogeneous High and 
static was practically nil. 
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The writer wishes to ask what this and similar phenomena 
would seem to indicate. To the observer in this case the same 
relative situations have recurred so often that he is of the opinion 
that Highs are relatively static free and Lows are attended with 
static somewhat proportional to the intensity of the disturbance. 
This seems to hold good from troughs of Low pressure to hurricanes 
and from poorly defined Highs with mild static to great homo- 
geneous Highs with practically no static. 
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Fig. 3—Breeding Place of Hurricanes—Doldrums. 
(After Bartholomew’s Physical Atlas, Vol. III, Plate 14.) 


This High had traveled across the United States from the 
Pacific States where it was central on 11 March. We have every 
reason to believe that the same relative good reception condition 
had identical motion of translation. 
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The rate of the motion of translation of Highs is shown in 
many publications of the U. S. Weather Bureau and authors of 
meteorological works. (See Fig. 14.) 

With the same accuracy as Highs are now used in weather 
forecasting, they can be used in forecasting the negative informa- 
tion concerning static conditions. 

The Low, or Miami Hurricane, had traveled at the rate of 
about 300 miles per day from the doldrums well out to the eastward 
of the Lesser Antilles, possibly near the Cape Verde Islands. It isa 
certainty that this area of heavy static and impossible com- 
munication conditions had traveled at the same relative position 
to the hurricane and at the same rate of 300 miles per day. (See 
Fig. 4.) 

Considering that these things are true and that Highs and 
Lows and our knowledge concerning their development, disinte- 
gration, and motion of translation is to be the basis for our static 
forecasting, we need next to study the structure of Highs and Lows 
with a view to locating that part of each which may under the 
most general conditions be expected to give the greater amount of 
static. We also want to know where within the High and Low 
to expect the minimum amount of static for that particular 
structure. 

In the Miami hurricane, static was stronger in the southeast 
quadrant than in the west and southwest quadrants. In general, 
the eastern half of Lows will be more heavy in static than the 
western; the southeast, in general, than the northeast; and the 
southwest, than the northwest. 

On 21 March when the High mentioned above had moved to 
the eastward until the Kittery's position was in the southwest 
quadrant, static increased steadily. 

In Highs it has been my observation that the center has the 
mildest static, the southeast quadrant less than the southwest, 
the northeast less than the northwest. Especially is this true near 
the edge of the structure. 

Highs of different origin and hence different structure will 
have different static conditions associated with them. A Pacific 
High, deep but of limited area, will have a different static associa- 
tion from an Alberta High which is shallow but of great magnitude. 
And similarly Lows of different origin will have correspondingly 
different static attendant thereto. 

The above facts can be reconciled with results obtained by 
many who are studying static with the view of correlating it with 
the atmosphere. ; 
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A few observations of others who have studied this subject 
abroad may be added here: 


ABSTRACTS OF PAPERS ON THE METEOROLOGICAL 


RELATIONS OF ATMOSPHERICS 

In June, 1923, the Council received a letter from Mr. R. L. Latcham, of 
the cable steamer John W. Mackay, Nova Scotia, calling attention to the 
possibility of using, for the purpose of weather forecasting, observations of the 
character of those naturally occurring electro-magnetic waves, called at- 
mospherics, which are so familiar to all wireless listeners. The Council ap- 
pointed a small committee to consider whether observations on atmospherics 
might be of service in forecasting. As a preliminary to the work of the com- 
mittee, the writer undertook to prepare the bibliography of the meteorological 
relations of atmospherics which is now reproduced here. 

The correlation between the occurrence of actual thunder or lightning 
and the radiation of atmospherics is so well-known that many references to 
it have been omitted, but it is believed that no other well-authenticated data 
have been overlooked. 

It will be seen that very acute divergences of opinion exist as to possible 
relations between the intensity of atmospherics on the one hand and most 
of the phenomena definitely recognized as ‘meteorological’? on the other. 
There is an overwhelming consensus in favor of the obvious correlation with 
thunder, moderate agreement on the correlation with convective processes 
in the absence of reported thunder, but beyond this point, the evidence is 
mutually contradictory. Reasons for this are not difficult to assign. It is 
established beyond doubt that the range of reception of atmospherics may 
reach one or two thousand miles, it is most probable that the range frequently. 
if not usually, attains the length of the earth’s semi-circumference. Com- 
parisons between received atmospherics and local weather will therefore, in 
part, be a comparison of the weather of a parish with the electrical phenomena 
of a hemisphere. Moreover it is still impossible to find a scale and a classifica- 
tion for the intensity and character of atmospherics which shall be generally 
acceptable, unambiguous, and capable of assessment by the average observer. 
The Beaufort of atmospherics is not yet. 

Nevertheless, the evidence that the atmospheric was well, if rashly, 
named is accumulating rapidly, and the summaries of the most recent work 
show that the location of “cold fronts" by radiotelegraphic observations on 
atmospherics is an established possibility. R.A.W.W. 


After describing typical X effects from lightning, remarks that X’s are 
more frequent in summer and autumn than in winter and spring, near high 
mountains than in open sea, in south than in north winds (in the Mediter- 
ranean), in the front of a cyclonic disturbance than in the rear, with falling 
barometer than with rising barometer. 

Notes case of a heavy winter gale, without observed lightning, which 
was preceded by X disturbance.—Jackson, H. B.—London, Proc. К. Soc., 
70 (A), 1902, p. 266. 

X's in Mediterranean are worst when pressure is low, temperature high, 
and humidity low. The sirocco forms an exception to this rule, as it always 
brings atmospherics.—CRaAwLEY, C. G.—London, Elect., 69, Jan. 31, 1913. 


Kincaid: Radio Reception Affected by Meteorological Condition 851 


Describes observations showing that every observed lightning flash pro- 
duces an X, multiple flashes producing multiple X’s, and discusses the ade- 
quacy of the known thunderstorm distribution to account for all X distur- 
bance. The author proposes direction-finding for the location of X sources.— 
ERsKINE-Morray, J.—London, Elect., 67, 1911, p. 219. 

Describes the recording of thunderstorms up to 500 km. distance by 
crystal detector and galvanometer.—FLAJOLET, .—Paris, C.-R. Acad. Sci., 
154, 1912, p. 729. 

On the basis of one year's observations at Anche (Indre et Loire) the 
relations between X's and weather are thus enunciated (the original French 
descriptions being retained to avoid ambiguity by loss of onomatopoeia). 

(1) Violent ‘‘craquements” indicate a thunderstorm, approaching if 
the X's become more and more frequent, receding if they become less frequent 
or less strong. 

(2) A slight “sifflement” is produced by a heavy hailstorm passing near 
the receiver. 

(3) Dry, isolated, and rather weak “claquements” generally precede a 
fall of temperature, a spring frost. 

(4) If the wind is about to turn, the X's are of short wavelength, and 
seem to come in strings. 

(5) Numerous ''crepitements," accompanied by fairly regular strong and 
“fusant” 'craquements," precede great barometric depressions and foretell 
gales.—FRANcK-DunoquiER.— Nature, Paris, 41 (1), 1913, p. 218. 

Finds that X's and changes of recorded potential gradient go together. 
Balloon observations show great increase of X's inside cloud, and а rapid 
decrease of X's with increasing height.—LuTzE, .—Phys. Zeit., Leipzig, 
14, 1913, p. 1194. 

Observations at Mt. St. Aubert, Tournai, May-September, 1912, led to 
the following conclusions: Absence of X's characterizes approach of fine 
weather; little precipitate cracklings—hail or heavy rain; distant cracklings— 
fine weather; numerous and prolonged cracklings—stormy weather; prolonged 
sound like water from a gutter—sudden change of weather; prolonged and 
singing sound seeming distant at first, approaching little by little till strong— 
violent thunderstorm or tempest.—DELVAL, —Quoted in Perret Maison- 
neuve's “La T.S.F. et la Loi," (1914). 

An outburst of X's follows a sudden change of wind on the North Atlantic 
coast of the United States, especially a change from South to North. X’s also 
accompany a rise of temperature there— Marriott, R. H.— Proc. Inst. Radio 
Engin., New York, 2, 1914, p. 37. ; 

X storms coincide with convective weather, rapid fluctuations of pressure, 
and rapid movements of depressions. 

In Malta, X’s precede by several days the advent of convective weather. 

In Australia, day-time rain is preceded by X’s in 80 per cent of all cases. 

In Ireland, X’s are bad with a North-West wind on the Atlantic coasts. 

In Sierra Leone, the periodic dry wind suppresses X’s.—Rapio TELE- 
GRAPHIC INVESTIGATIONS COMMITTEE OF THE BRITISH ASSOCIATION. London, 
Rep. Brit. Assn., 1915. 

From observations in the Belgian Congo, 1915-17, the author believes 
that X’s from lightning have an effective range not exceeding 100 or 200 km. 
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In general a day of thunderstorm is preceded by several davs of increased 
X disturbance. f 

In general а day of thunderstorm is followed by several days of reduced 
X disturbance. This law is more general than the former.—GorpscnRwipr, R. 
—"'La Telegraphie sans Fils au Congo Belge," (Brussels, 1920). 

Low X intensity is found under rainless cloud, X's increase as cloud 
begins to break up or as rain begins. Diminishing convection current goes with 
low X intensity. 

From а comparison of annual variation curves the author summarizes as 
follows:—X maxima go with low potential gradient, but high convection 
current and high numbers of ions per c.c., and conversely for X minima. 

From diurnal variation curves:—X’s are bad when the vapor pressure 
is at a maximum at the surface and increasing above, when the conductivity 
at ground and aloft is increasing, and the surface wind decreasing. X dis- 
turbance is at à minimum with maximum conductivity at a moderate height, 
with overcast sky, with maximum relative humidity, minimum temperature, 
and maximum air pressure.—W iEDENHOFF, S.—Jahrb. drahtl. Telegraph., 
Berlin, 18, 1921, p. 242. 

Increased X frequency indicates an imminent thunderstorm; if the 
intensity of X's is great, the thunderstorm will be violent, with wind and 
rain, if the X intensity remains low, the thunderstorm is feeble. If the inten- 
sity augments, the storm is approaching, and vice versa. 

This diagnosis is valid at great distances, before the cloud associated 
with the storm has appeared at the receiving station. —M ARCHAND, — Rev. 
Gen. Sci., Paris, 32, 1921, p. 594. 

Infrequent but sustained X's with an intense high metallic note are due 
to more or less distant cloud. Visible lightning, and hail, give this type of X. 

Lacosts (q.v.) is summarized.—RoTHr, E.—Paris, C.—R., Acad., Si, 
175, 1921, p. 840. 

Enunciates laws based on radiogoniometric observations at Strasbourg. 

(1) If & distinct well-developed depression exists, with closed concentric 
isobars, the maximum X disturbance proceeds from the south or south-east of 
the depression, the displacement in direction and variation of intensity allow 
of following the course of the depression. 

(2) If the depression has a distant center and less curvature, the X 
maximum is still south or south-east of the periphery, but is less sharply 
marked. 

(3) Secondary depressions, with “barometric pockets" and cols, corre- 
spond to storm fronts, the direction of X maximum is difficult to find, and X's 
are violent from all azimuths. 

(4) A near thunderstorm gives violent X's from its azimuth. 

Many X's received in clear weather are comparable in intensity to those 
of observed lightning. The author concludes that X's are due to more or less 
distant storm phenomena, and are often produced in overcast regions. 

The last few davs’ work in the period in question indicates that fog 
facilitates X transmission.—LacosrE, J.—Paris, C.—R. Acad. Sci., 175, 1921, 
p. 843. i 

X’s come from definite azimuths when stormi clouds are distant, but are 
observed on all azimuths when the storm is very near. 


Kincaid: Radio Reception Affected by Meteorological Condition 853 


Storm clouds produce X’s which gradually cease as soon as uniform rain 
starts, but X’s persist to some extent when rain is violent. 

Strato-cumulus most often furnish well-defined and oriented rumbling 
X’s. 

Re-summarizes Lacoste, Q.V.—RoTuE, E.—Ann. Phys., Paris, 17, 1921, 
p. 385. 

Describes further work at Strasbourg in summer of 1922, confirming 
previous conclusions, and demonstrating possibility of forecasting new depres- 
sions. Remarks on the special value of the radiogoniometer in thunderstorm 
forecasting. 

Some thunderstorms give X's which are numerous only on short wave 
observations.—LacosTE, J.—Paris, C. К. Acad. Sci., 176, 1922, p. 707. 

Preliminary results of directional observations on atmospherics during 
1916-18, by stations on British coasts, show that on an average five apparent 
sources of atmospherics per week were located. Of those checked against 
meteorological data, 15 per cent agreed with reported thunderstorms, 10 per 
cent with squall phenomena, 69 per cent with rainfall within the 24 hours 
containing the time of observation, without reported thunderstorms or squalls. 
Thus 94 per cent of the apparent sources were associated with rainfall. Thirty- 
five per cent of the cases examined fell on the forward edge of a rain area.— 
Watson Watt, R. A.—Nature, London, 1922, p. 680. 

Gives results of observations at Heidelberg, September 1919-August 1921, 
on 2,000 and 12,500 metre wavelengths. In the warm half-year X's developed 
on the appearance of a new depression over North-West Europe, disappeared 
on its departure or filling up.—Worr, F.—Jahrb. drahtl. Telegraph., Berlin 
19, 1922, p. 289. | 

Observations in the plains of Upper Rhineland, 1915—17, on 600 to 2,000 
meter wavelengths, led to a classification of X’s in ten groups. 

(1) Prevailing weather type, a whistling sound decreasing in strength, 
ending almost in a whisper. 

(2) Must type, weak hissing sound. 

(3) Cloud break-up type, repeated groups in the form of explosive 
crashes. Specially marked on break-up of alto-cumulus. 

(4) Cirrus type, "trrrrtasss" (palatal r.), increasing as cirrus gathers, 
continuing till cirrus ceases to increase. 

(5) Lightning type “‘rrrrrrssss’’ (palatal r.), а more rapid “т”! succession 
than in (4). 

(6) Front type (squally wind), creak like a revolving clapper. 

(7) Cumulus-development type, short single sharp cracks. 

(8) Thunderstorm-cumulus type, sharp cracks of different strength, 
coming in groups. 

(9) Sunrise type, violent rattling and scratching of longer duration, not 
in group form. 

(10) Sunset type, superposition of (3), (9) and other types, partly due to 
surface cooling and condensation, partly to cloud break-up. 

Every stage in the development of a thunderstorm released a definite 
type of disturbance. Groups 4 and 9 are superposed in thunderstorms. 

The lightning type was observed at night with perfectly clear sky. 

The increase in disturbance numbers started several hours before the 
onset of the thunderstorm, though there were exceptions to this rule. 
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In spite of unmistakable signs of thunderstorm the number of distur- 
bances remained normal until a sudden release occurred. 

Strong disturbances were found to come from strata of misty haze and 
also from forests with their well-known summer cloud formation. 

Direction-finding differentiated between sharply directed X and those 
showing little directivity. Localized thunderstorms and squalls could be 
located іп azimuth.—Srove, K.—Jahrb. drahtl. Telegraph., Berlin, 20, 1922, 
p. 303. 

Summarizes work on X's under the Meteorological Office and the Radio 
Research Board, gives examples of the location of thunderstorms up to 2,400 
km. distant, by direction-finding on X's, and discusses the relations of X's, 
rainfall, and lightning.—W arson Watt, R. A.—London, Wireless World and 
Radio Rev., 12, 1923, p. 601. 

Atmospherics are the phenomenon that best gives evidence of the passing 
of meteorological disturbances in tropical regions; the other meteorological 
variables only indicate that passing in a much less regular way; moreover, 
they only give evidence of the meteorological disturbance when it has reeched 
the observing station, while atmospherics announce it some hours in advance. 
—Bureau, R., and others.—C.R. Acad. Sci., 178, 1924, p. 556; 1623; 179, 
1924, p. 394; 180, 1925, p. 529; 1122; Onde, Elec., 4, 1925, p. 31; 58. 

Observations at Lausanne 1919 to 1922, at Zurich 1924. 

Preliminary conclusions are stated thus: 

(1) Intensity frequency nature and direction of X's vary with altitude. 

(2) This variation is closely connected with variations of vertical tem- 
perature gradient. Cooling augments, heating diminishes the phenomenon. 

(3) Lower layers are much more disturbed than higher. 

(4) Apart from X's of proved distant origin, range of X's originating in 
the lower layers does not seem to exceed 250 K., and remains almost always 
under 150 К. in mountainous regions.—LUcEoN, J.—Paris, С.К. Acad. Sci., 
180, 1925, p. 594. 

Shows correlation between apparent sources of atmospherics and their 
meteorological environment. Of 490 cases examined, 25 per cent fell within 
250 K. of reported thunder, a further 28 per cent were associated with more 
distant thunderstorms or with squall phenomena, 21 per cent more with rain, 
13 per cent uncorrelated. 

Reports the tracking of & cold front for 2,700 k. by automatic recorders 
of X's.—W ATSON Watt, К. A.—London, Proc. Phys. Soc., 37, 1925. 


Most of them seem to have correlated static with a local 
condition. I am trying to show how those local conditions are 
carried along with the general drift of the atmosphere and how 
static from them can be used in weather forecasting. 

I have listed the above facts in this particular manner in order 
to show how much can be forecast concerning static once its re- 
lationship to High and Low structure is well established. From 
our knowledge of the development and motion of translation of 
Highs and Lows we have the basis of a static forecast which will 
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be enhanced by an instrument which will make use of the direc- 
tional properties of static. 

Fig. 5 shows the Miami hurricane as it was passing over 
the Florida Peninsula. 


TRACKING THE MiAMI HURRICANE 
Here it will be seen that from Guantanamo, where the U.S.S. 
Kittery was then moored, the heaviest static was in the general 
direction of the southeast quadrant. The center of the storm was 
600 miles distant. (See Fig. 5.) 


90 85° 80" 75° 70 65° 60° 55° 
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Fig. 5 


Fig. 4 shows the location of the centers of the Miami 
hurricane from the time it was first observed to the eastward of 
the Lesser Antilles to the time it filled up and dissipated over 
Mobile, Alabama. Did not this static belt drift along with the 
hurricane? How far will a direction finder be able to reach out 
with sufficient precision as to make its use practical in habitually 
tracking such storms? The dotted lines show where the system 
may enable us to reach out in the region to the eastward of the 
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Lesser Antilles where barometer readings are scarce and triangu- 
late such a static center in hurricane season, from St. Thomas, 
Barbados, and Trinidad. 


THE Оогрвомв’ BREEDING PLACES OF HURRICANES 


Fig. 3 shows the ideal atmospheric distribution for summer, 
from which the hurricane belt and the doldrums may be studied. 
In addition to those hurricanes that form to the eastward of the 
Lesser Antilles, we see the breeding place for the early spring and 
late fall type that form around the Isthmus of Panama, between 
the North Atlantic or States High and the South Pacific High. 
The selection of compass stations here as elsewhere will depend 
upon the proved range of accuracy of the radio compass for this 
kind of work. 

Anyone working a field as new and undeveloped as this 
naturally finds comfort in another independent source wherein his 
conclusions have been verified. Mr. Friis of the Bell Telephone 
Research Laboratory has taken observations with an instrument 
developed at that laboratory over a period extending from last 
August up to the present date. They very generously coóperated 
with the Hydrographic Office in this work and I show you here the 
results of a part of their observations which substantiate work 
previously done by me. 

Fig. 6 shows the High central at Cliffwood, New Jersey, 
November 20, 1926. Static was zero during the passage of this 
homogeneous High. 

Following its passage, the Low shown in Fig. 7 in its motion 
of translation to the eastward passed over the same station. Static 
rose in intensity from 1 to over 400 microvolts per meter during 
its passage. 

The direction shifted consistently from west as shown to north 
of east, during the passage. 

The graph of direction and intensity of static shown in Fig. 9 
was received by their machine. 

Some idea of the effect of this static intensity on the received 
signal is gained when the reader realizes that the Bell Telephone 
System try to maintain for trans-Atlantic work a received signal 
strength for code of five microvolts per meter and for telephony 
of 15 to 20 microvolts per meter. 

The Hydrographic Office is pleased to see their desire of a year 
ago so quickly fulfilled by commercial enterprise. We said then 
that an instrument that would record both direction and intensity 
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of static would be necessary to the successful accomplishment of 
this work. Dr. Austin at the Bureau of Standards has also de- 
veloped a fine automatic static recorder and there are still 
others. 

The recorder we used is shown in Figs. 8 and 15. It is slightly 
different from the hookup we used at Bellevue Laboratories which 
was as follows: 


Fig. 8—Kincaid Static Recorder 


The loop, an (SE-515A), was 6 ft. high, 4 ft. 3 in. wide, and 
consisted of 90 turns, spaced over an axial length of 4 ft. 3 in. 
The loop center was grounded. 

The terminals were connected to an (SE-1834) amplifier and 
tuned by а 0.01 u.f. variable condenser (SE-1830). 
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The amplifier had three radio frequency stages, a detector, and 
two audio frequency stages of amplification. 

An additional audio frequency stage was used, the output of 
the latter being connected in parallel, and the negative grid bias 
being adjusted for zero plate current, at zero signal, by means of a 
potentiometer. The plate current of the two tubes actuated a pen 
which was shunted by a 1 u.f. condenser. 

The instrument combination described above results in 
depression of the pen for each static crash. 

The pen records on a card, which rotates very slowly in 
synchronism with the compass loop, two maxima and two minima 
being indicated for 360 deg. of rotation (a bilateral loop operation). 
Some unilateral experiments were conducted at Bellevue. 
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The motor was so geared as to be able to make one revolution 
in six to ten minutes. From this it can be seen that each of the 
static graphs contains from three to ten complete revolutions of the 
compass and consumes from twenty minutes to 114 hours. 

The recorder used at Cliffwood by the Bell Telephone Labora- 
tories is shown in the schematic diagram Fig. 10. It is &n ordinary 
double detection set that requires altogether ten tubes, of which the 
last low frequency amplifier tube must be able to handle 10 watts 
in order to prevent overloading. The power supply may be rectified 
AC. 

The gain control is inserted in the first intermediate frequency 
amplifier in order to be sure that no tubes are over-loaded. The 
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‘local oscillator shown is used for amplification calibration of the 
set and requires no special shielding as its input voltage induced 
into the loop is comparatively large. 

The selectivity of the set is determined by three separate 
units, viz., the antenna circuits, the intermediate frequency filter, 
and the low frequency filter, each of which has a specific use. 
Carson and Zobel! have made the following statement: 

"In filters designed to select a band of frequencies of width W, 
the ratio of energy transmitted through the network by the signal 
and by random interference is inversely proportional to the band 
width and increases inappreciably when the number of sections 
is increased beyond two." 

The main purpose of the filters is therefore not to define the 
frequency band of the set insofar as static is concerned, but to 
exclude continuous wave interference. It is hoped that 500 cycles 
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Fig. 10—Schematie Circuit Diagram of Receiving Set. 


wide frequency bands? can be maintained free of c.w. interference 
for static measurements and the simplest way to obtain such a 
band in the receiver is to make the low frequency filter an efficient 
low pass filter that cuts off every frequency above 600 cycles. 
More than two coupled circuits are hardly required in the antenna 
circuits, but the intermediate frequency filter ought to have 
sharper cut-off points than two coupled circuits will give. The 
selection of filters naturally depends upon the c.w. interference 
and it may in some cases be possible to reduce the number of 
filters and thereby make the recorder cheaper. The records shown 
later correspond to а frequency band of 2000 cycles—between 
57.5 and 59.5 ke.,—but it will probably not be long before с.ж. 
interference makes it necessary to reduce this band width. It is 
desirable to have а loud speaker connected to the output of the 
set and occasionally listen for c.w. interference. 

! “Transient Oscillators in Electric Wave-Filters"—John R. Carson and 


Otto J. Zobel, Bell System Technical Journal, Vol. II, No. 3, p. 27. 
? Bands at 15, 30, 60, 120—kilocycles would probably be satisfactory. 
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The constant-output control apparatus is shown in Fig. 11. 
The fluxmeter is seen in the upper right corner. Full deflection 
corresponds to 2X 10^* coulomb. The needle is normally free to 
move except when the cam Z presses the needle down until its 
point touches the scale OS. The shaft carrying the cam Z and the 
disk N is rotated one complete turn in 15 seconds by a clock motor. 
The different elements are explained in the figure and the whole 
action may be understood by studying this carefully. However, 
it is probably worth while to go through a complete 15 second 
period and explain in detail the purpose of each part. 
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Fig. 11—Schematic Circuit of Constant-Output Control Apparatus. 


Time in Seconds—0-10: 

Switch G is open, therefore relay А is open and no current 
can pass through the windings of relays C and D. (These relays 
start the gain control motor, which is therefore shut off.) 

Contact 1 of relay А is closed and closes the circuit consisting 
of the secondary winding of the low frequency output transformer, 
the rectifier for the static currents and the fluxmeter. The 2000- 
and 4000-ohm resistances in this circuit insure distortionless input 
voltage to the rectifier. The fluxmeter is damped by an 80-ohm 
shunt. The needle, which was initially at zero, will therefore move, 
its deflection being proportional to idt. 

Time in Seconds— 10-14: 
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Fig. 12—Statie Record, Morning of October 30, 1925, Cliffwood, N.J., U.S.A. 
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Switch G is closed by the cam on the revolving disk N and 
locks relay A. | 

Contact 1 of relay A is opened and opens the rectifier fluxmeter 
circuit, thereby bringing the fluxmeter needle to s stop. 

Contact 3 of relay A 1s closed and makes the battery X charge 
the 10-u.f. condenser through the 50,000-ohm resistance. 

Time in Seconds—11-14: 

The сат Z presses the needle point down on the scale OS. 
Now, one of three things will happen. 

]. Static has decreased since the last period, so that the needle 
point will make contact with the metal strip OP and close the 
following circuit: Battery X, needle of fluxmeter, winding of 
relay C, switch H and switch G to battery X. Relay C is therefore 
closed and its closed contact 2, together with contact 3 of the 
open relay D will start the gain control motor. After approximately 
half а turn of the gain control or motor shaft Y the needle point is 
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TIME 
Fig. 13—Shape of Impulse Voltage. 


lifted from OP by the rotation of the cam Z, but relay C stays 

closed due to the fact that it is self-locking through its contact 1, 
so that the shaft Y continues turning until the switch Е is opened 
by the disk T. This opens the self-locking circuit of relay C. 
Relay C therefore opens and the gain control motor stops after 
the shaft Y has made exactly one complete turn and increased the 
gain of the set one step (4 Transmission Units or 1.58 times). 
Notice that the opening of the needle point contact does not 
break any current, due to the use of self-locking relays. This 
preserves the needle point contact. 

2. Static has not changed since the last period. The needle 
point will now touch the insulating strip PQ and nothing else 
will happen, i.e., the gain of the set remains unchanged. 

3. Static has increased since the last period so that the needle 
point now will make contact with the metal strip QS and close 
relay D and as in case 1 the motor will start and turn the shaft 
Y one turn, but this time in the opposite direction, i.e., the gain 
of the set is decreased one step. 
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Time in Seconds—14: 

Switch G is opened again by the revolving disk N and opens 
relay A. Contact 2 of relay A is closed and will discharge the 
10-uf. condenser through the fluxmeter, thereby bringing the 
needle back to zero. (Notice that the time constant of this dis- 
charge circuit is 10,000X1010°=1-10 seconds.) 

Time in Seconds—15: 

A new period has started. 

The purpose of the switches M and H is to stop the motor 
when the gain control switch arm has reached the end of the 
scale. 

The recorder is of such recent development that no compre- 
hensive data are yet available. 
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Fig. 14— The Bigelow System of Storm Tracks Across the United States. 


Fig. 12 shows part of an actual record of static received on а 
set tuned to 57.5-59.5 kc. The ordinates represent the attenuation 
of the gain control of the set and it is to be remembered that the 
gain of the rest of the set is constant. The curve shows that the 
static power on the morning of October 30 changed more than 
10,000 times. The point B on the curve gives the effect of inducing 
a local signal of strength 380 microvolts/m. in the loop. The 
point C on the curve shows that at 8:25 a.m. the static intensity 
received on а 2000-cycle wide frequency band corresponded to the 
energy received from a c.w. signal of strength 3.8 microvolts/m. 


3 It may be worth while to have such a calibration signal introduced 
automatically for instance once every two hours. 
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It would be practical always to relate static to such a c.w. signal. 
Experiments are now being conducted to determine whether the 
energy received from static is proportional to the width of the 
frequency band of the receiving set, and if such is fcund to be the 
case then it is proposed to have the data relate to a 1000-cycle 
wide band. That static is, say, 7 microvolts per meter per kilo- 
cycle (7 microvolts/m./kc.) would then mean that the energy of 
the static received on a 1000-cycle wide frequency band is the 
same as the energy received from a c.w. signal of strength 7 micro- 
volts/m. 

Attempts have been made to calibrate the set by inducing 
in the loop, voltages of the shape shown in Fig. 13. Relating 
static to such signals would have the advantage of being inde- 
pendent of the band width of the set. Such signals were obtained 
by closing and opening a mercury switch, but one signal per second, 
or 10 impulses per period, would overload the set (the tubes) very 
much. At least 10 impulses per second would be required if the 
set should not be overloaded by each individual impulse, but this 
would be a difficult task to accomplish and it 1s therefore recom- 
mended that static be measured as explained above, by inducing a 
local c.w. signal into the loop. The fact that five static crashes in 
the course of 10 seconds—one period—does not overload the set 
while 100 impulses of the shape shown in Fig. 5 are required to 
prevent overloading gives us some interesting information on 
static. It shows that a single static crash is not a single sudden 
change of the field in the ether and that it can not be represented 
by less than 20 consecutive impulses. 

The record of Fig. 12 shows that each step on the gain control 
potentiometer is 4 TU and the selection of such steps and of 
15 seconds will not be discussed. To decrease the 4 T'U step to a 
1 TU step would decrease the speed of the set, i.e., it would take 
four times longer for the recorder to register a sudden change in 
the static level which is particularly a disadvantage when the 
recorder is connected to a rotating directional antenna. 

On the other hand a step larger than 4 TU would not give 
the static level with sufficient accuracy. If the time periods are 
changed from 15 to 10 seconds, then the “speed” of the set is 
increased, but the set is then inoperative over a larger part of 
the period since it takes 5 seconds to change the gain of the set 
and bring the fluxmeter needle back to zero. ^ Besides, such a 
decrease in time period would increase the probability of over- 
loading and also it would make the energy received per period 
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vary more irregularly especially if static consisted of separate 
crashes. 


TABLE OF CONVERSION OF TRANSMISSION UNITS TO RATIOS 


TU Ratio 
0 1 
6 2 
12 4 
20 10 ^ 
40 100 
60 1000 


Dr. Friis in describing his static recorder says, "The reason 
for the small advance which has been made to date in the auto- 
matic recording of static is probably due largely to the lack of 
suitable apparatus. Certainly there has never been any doubt that 
automatic records would be very valuable. It is just as important 
to know the static level as it is to know the strength of а radio 
signal because it is the static to signal ratio that determines the 
intelligibility of the signal. A static recorder connected to a 
rotating directional antenna system would tell us where static 
comes from and, therefore, enable the radio engineer to determine 
whether it is worth while to construct а directive antenna system. 
Also the connection between thunderstorm areas and static would 
make static recording valuable to the meteorological service. There 
is perhaps no reason why а suitable static recorder should not 
make it possible in а few years to obtain a daily static forecast 
just as we get our weather forecast now." 

I believe another year will see such static forecast as Dr. Friis 
mentions possible, and with such forecasts will come & more exact 
knowledge of the relation of storms to static. The result of this 
will be the identification and tracking of many storms which are 
difficult especially over ocean areas where barometer readings are 
scarce, and the definite forecasting of communication conditions. 


A RADIO INTER-COMMUNICATING SYSTEM 
FOR RAILROAD TRAIN SERVICE 


By — 
Henry C. FORBES 
(Formerly of the Zenith Radio Corporation, Chicago) 


1. PROBLEM 


In present day practice, communication between the front and 
rear ends of moving freight trains is carried on almost entirely by 
visual (arm or lantern) and whistle signals. Under certain con- 
ditions the air-brake pressure line may be used to transmit signals 
from rear to front of the train. Economic as well as safety con- 
siderations demand that some sort of communication be main- 
tained between the conductor in the caboose and the engineman 
in the locomotive, principally in order to expedite the handling 
of the train. | 

Something of the difficulties encountered in the operation of 
trains of one hundred or more cars (approximately one mile) in 
length may be realized when it is considered that when using & 
visual communicating system, a heavy rain or snow storm, a heavy 
fog, curves in the track, hills, cuts, smoke, running ''into the sun," 
and occasionally, diverted attention on the part of the engine 
crew, may partially or wholly prevent such communication. On 
occasions when stopping the train is imperative and the attention 
of the engine crew cannot be obtained by signaling from the 
caboose, it is possible to release the air at a valve provided for the 
purpose in the caboose, thereby setting the brakes at the rear 
end of the train and, if the train is not too long, reducing the air 
pressure in the locomotive so as to give warning that it is desired 
to pass а signal or to stop the train. On extremely long trains it 
is sometimes practically impossible to reduce the pressure in the 
locomotive sufficiently by this method to produce a definite signal. 
In such cases, the brakes are, of course, heavily set at the rear end 
of the train, and it is not uncommon to break a train in two or to 
pull it off the track while on a curve, in attempting to signal the 
locomotive in this manner. 

At the instigation of Committee No. 12 (Radio and Wire 
Carrier Systems) of the American Railway Association, the Zenith 
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Radio Corporation undertook, in January, 1926, the development 
of a radio inter-communication system for such freight service. 
In response to a questionnaire submitted to that committee, it 
was ascertained that it was the opinion of the interested railroad 
that while either a one-way or two-way radio signaling system 
would be a distinct improvement over the existing methods of 
signaling, what is really desired is a complete two-way telephonic 
inter-communicating system, providing, of course, that such a 
system can be made sufficiently strong and simple of operation 
to be entirely reliable. The New York Central Railroad, through 
the office of the General Superintendent of Telegraph and Tele- 
phone, and Committee No. 12 of the A.R.A., volunteered the use 


Fig. 1—Showing Length of Train Equipped With Radio Intercommunicat- 
ing System. 


of its equipment and facilities for any tests or experiments which 
might be deemed necessary during the development of the ap- 
paratus. During the subsequent development of the apparatus, 
several conferences with members of a subcommittee appointed 
for the purpose were held in order to correlate, in so far as possible, 
the development of the apparatus with existing standard railroad 
practice. 


2. REQUIREMENTS OF THE SERVICE 


Several rather difficult problems were presented in the design 
of suitable equipment for this service. There is no source of electric 
power on a caboose, and it was not considered practicable to utilize 
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the power from the turbine-driven headlight generator on the 
locomotive. Battery-operated sets were therefore necessary at 
each end of the train. It was necessary to provide sufficient power 
to produce an understandable loudspeaker signal at the opposite 
end of the longest train that might be encountered, while the 
train was running at top speed. At the same time it was desirable 
to limit the power used in order to limit the size of the apparatus 
and the drain on the batteries, and also to minimize the possibility 
of interference should the use of such apparatus become general. 

The choice of a suitable antenna for the locomotive was a 
considerable problem. Modern road engines are constructed 
entirely of steel with an overhead clearance of about five inches 
at the center of the cab roof, and only about 20 inches at either 
side of the cab. It was desirable that the antenna used should be 
mounted entirely on the locomotive, so that the coaling operations 
and the taking of water would not be interfered with. The antenna 
must be constructed within the overhead clearance limits, must 
be sufficiently sturdy to withstand road service, and should trans- 
mit efficiently under all weather conditions, and in all directions 
in the horizontal plane so that the signals will not fade while mak- 
ing sharp curves. 

The mounting of the radio apparatus itself required some 
attention inasmuch as it is necessary that it be installed in an 
extremely small space. It must be completely shielded, should 
withstand water and soot and exposure to heat, and must be 
extremely carefully cushioned against the terrific jarring and 
battering to which it is continually subjected in railroad service. 
Sturdiness and simplicity of operation are essential. 


3. DEVELOPMENT 


Preliminary testsof the apparatus undergoing development were 
made between a fixed station at the Zenith laboratory, constructed 
to simulate the installation on a train, and а mobile station in- 
stalled in an automobile. Several tests and experiments were also 
made in the Chicago yards of the New York Central Railroad to 
determine the characteristics of transmission from antennas 
installed on the road engines. The form of antenna finally selected 
consists of а single-turn horizontal loop mounted closely above 
the cab roof on the locomotive and around the cupola on the 
caboose. Such an antenna is nearly non-directional in the hori- 
zontal plane parallel to the ground, and the transmission may 
therefore take place in any direction from either end of the train. 
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Experiments have shown that the range of low-power transmitters 
using this form of antenna on a locomotive is limited to something 
under ten miles when transmitting to a similar form of antenna, 
although very satisfactory communication is obtained at lesser 
distances. This is a distinct advantage in railroad service inas- 
much as it materially lessens the interference problem where a 
number of such installations are to be made in a given area. It 
has also been found that the strength of the received signal and 
the range of the apparatus may be improved by making use of 
the vertical as well as the horizontal components of the transmis- 
sion at the receiving end. Such attempts, however, are likely to 
lead to pronounced directional effects. Only the horizontal 
components of the radiated energy were utilized in these experi- 
ments. The loop antennas used were constructed of brass piping 
and fittings mounted on glazed porcelain high-voltage pin insula- 
tors. The insulator brackets were bolted directly to the cab of 
the locomotive and to wooden supports on the caboose. Glazed 
porcelain entrance bushings were used in the roof of both cab 
and caboose. 

The Department of Commerce has assigned a band of fre- 
quencies between 2300 and 2750 kilocycles (109 and 130 meters 
in wavelength) for mobile services. А frequency of 2600 kilocycles 
(wavelength of 115.4 meters) was adopted for use with this ap- 
paratus, this frequency being particularly well adapted to the 
single-turn loop antennas. 

Duplicate two-way telephonic transmitter-receivers were 
mounted (for the purposes of demonstration) in an iron box 30 in. 
long, 6 in. deep, and 10 in. high, the receiving apparatus occupying 
a left-hand compartment and the oscillator circuits a right-hand 
compartment, with the modulator, speech amplifier and switching 
relay circuits in the center. A simple regenerative receiving circuit 
was employed having a detector and three stages of audio-frequency 
amplification. A power tube was used in the third stage. A single 
tuning control, with fixed regeneration is thereby possible, and 
has been found adequate. 

The transmitter employed two tubes of 50-watt rated plate 
dissipation, one as oscillator and the other as modulator, witha 
734-watt tube as a speech amplifier. Power for the plate circuits 
of the transmitting tubes was obtained from an Electric Specialty 
Company dynamotor of 200-watt capacity mounted in a totally 
enclosed frame, and provided with ball bearings. This dynamotor 
starts and stops very quickly. The dynamotor is driven by a 
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twelve-volt Exide storage battery of the heavy-duty vehicle type, 
although the system is readily adaptable to any battery voltage. 
Power for lighting all filaments is obtained directly from this 
same battery. 

The filter system for the dynamotor and the starting relay 
are mounted together in & heavy box arranged with suitable 
terminals. Another box houses the necessary dry batteries for 
supplying the plate circuits of the receiving tubes. The life of 
the tubes should be about 1000 hours, and the dry batteries must 
be replaced at approximately monthly intervals. Storage batteries 


Fig. 2—Transmitter-Recciver Installed in Locomotive Cab, With Fireman 
Operating. 


of 175 ampere-hour capacity were used, this being sufficient to 
operate the circuits under ordinary conditions for at least two 
trips across a division. All switching operations are done by means 
of relays actuated by a "press to talk" button on the handle of 
a ‘‘grab-o-phone” type of hand microphone on which a telephone 
receiver is also provided. Оп the experimental installations of 
this apparatus, both the loudspeaker and telephone receiver 
operate simultaneously. 

In practice, the receiving sets are left in operation at all times 
when the train is under way, а switch being provided for the 
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purpose. When communication is desired, the button on the 
handle of the microphone is pressed, thereby actuating the relays 
which make the necessary switching connections for operating 
the transmitter. The button 1s released to restore the receiver to 
operation. The switching, including the starting of the dynamotor, 
takes only about one second, and very rapid two-way conversation 
is possible. 

The functioning of the apparatus is indicated to the operator 
by the flashing of colored pilot lights. One light indicates that the 
receiver is in operation. A second flashes when the “talk” button 
is pressed, and indicates that the transmitter is ready for operation. 
A third pilot light is operated directly from the antenna current, 
and the flashing of this light indicates to the operator that the 
transmitter is functioning properly. This third light also flickers 
with the modulation, giving a direct indication that modulation 
is taking place. The meters shown in the photographs are not to 
be used on permanent apparatus. 

- A signaling system has also been provided which may be used 
to attract the attention of the crew at either end of the train. 
This signal is operated by pressing a second ''signal" button which 
is mounted either on the microphone handle or on the set proper, 
and, when, operated, produces a shrill note of about 800 cycles in 
the loudspeaker at the opposite end of the train. This frequency 
was selected for this purpose after some experiment, and is readily 
discernible in the locomotive through the noises encountered in 
running. This signal may also be used to pass code signals in 
case of failure of the telephonic system. 

Special microphones were used in order to avoid the introduc- 
tion of the terrific road noises into the communicating system. Ап 
aircraft type of anti-noise microphone, originally developed for 
war service, was found to be very satisfactory. 

Extraordinary cushioning of all apparatus in both transmitter 
and receiver was necessary in order to protect the parts properly 
from the destructive vibration and shock encountered in railroad 
work. Combinations of heavy sponge rubber and spring suspen- 
sions were found to be generally satisfactory, although some 
difficulty has been experienced in sufficiently quieting the detector 
tube. 

For the purposes of demonstration, one set was mounted on 
the inside of the rear bulkhead of the locomotive cab over the rear 
opening. Special plugs and cordage connected the set with the 
batteries, dynamotor, and filter, which were mounted in a shovel- 
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rack just outside of this same bulkhead. The leads to the loop 
antenna were run directly up through the cab roof. A loudspeaker 
horn was mounted just to the rear and above the head of the 
engineer, so that the sound was projected directly past his head. 
The hand microphone, with its control button was placed in a 
clip convenient to both the engineer and the fireman. 

In the caboose the set was installed flush into the side of a 
locker convenient to the conductor’s desk, with the batteries, 
dynamotor, and filter mounted on the floor of the locker. The leads 
to the loop antenna went out directly through the roof. The loud- 
speaker in this case was mounted overhead at one end of the car. 


. Fig. 3—Antenna on Caboose. 


4. PRELIMINARY TESTS 


In the first of the preliminary road tests of the apparatus on 
June 11, 1926, a special train of twelve cars was run over the 
western division of the New York Central between Elkhart, Ind. 
and Chicago (Englewood), a distance of about 100 miles. The 
apparatus operated in a manner considered very satisfactory by 
the several railroad men present. No difficulty was had in main- 
taining two-way conversation between the caboose and the loco- 
motive when standing still or when running at top speed. The 
engineer was able to hear and understand everything coming from 
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the loudspeaker behind his head without diverting his attention 
from the road ahead. The fireman was able to handle the apparatus 
and to carry on extensive conversations with the officials in the 
caboose. All train orders were given by means of the radio installa- 
tion, and those present, including the train crew, were quite en- 
thusiastic as to the possibilities of such radio apparatus. A severe 
rain and electrical storm was encountered over practically the 
entire run, which occupied about five hours, and aside from the 
sharp crashes heard in the loudspeakers, it caused no trouble 
whatsoever. Near Pinola, Ind., the train was stopped and the 
engine uncoupled from the train and run ahead under orders given 
entirely by radio from the caboose, in order to simulate the condi- 
tions of a broken train, and to determine if possible, the range of 
the apparatus. Communication was maintained with loudspeaker 
operation at both ends up to a distance of four miles, the locomotive 
then being at Hudson Lake, Ind. Lack of time prevented further 
tests, although the signals at that distance were still quite satis- 
factory, even with the locomotive in motion. The country between 
the engine and caboose during this test was rather hilly, and the 
engine passed through several cuts and around several curves 
without affecting the operation. During this test it was found that 
overhead power wires and small signal bridges had practically no 
effect on the operation of the system. When passing under a large 
steel bridge, however, communication is broken (except for weak 
headphone signals) while either the locomotive or caboose 1s 
actually under the bridge. The communication is not affected 
by the presence of the bridge between the engine and caboose after 
the engine has once cleared it. It was also found that there were 
no interfering disturbances produced on adjacent land telephone 
wires alongside the right-of-way, even with the caboose trans- 
mitting within 30 feet of a phone box. The passing of a train 
going in the same or opposite direction upon an adjacent track 
was found to have no effect upon the operation. 

Subsequent tests in the Chicago yards have indicated that 
satisfactory communication may be maintained between the 
caboose and locomotive up to a distance of six miles with this 
apparatus. Beyond this distance only headphone signals are 
possible. Communication has actually been held at a separation 
of eight miles between a moving locomotive and a stationary 
caboose. 1% is expected that tunnels will completely prevent 
communication while either end of а train is in or near the 
tunnel. 
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5. OFFICIAL TESTS 


An official demonstration of the apparatus before Committee 
No. 12 of the American Railway Association and a large party of 
officials of various railroads and representatives of the press was 
given on July 8, 1926, on a New York Central freight train operated 
between Chicago (Englewood) and Elkhart, Ind. There were 116 
cars in the train, of which approximately sixty were loaded. A 
coach and a business car were placed before the caboose for the 
accommodation of the representatives. During the run of ap- 
proximately five hours the practicability of а radio communication 
service of this nature was clearly demonstrated. А number of 
orders were transmitted which saved the delays which would have 
otherwise occurred while à member of the train crew walked the 
entire length of the train. Practically all of the representatives 
carried on a conversation with the engine crew at some time during 
the run. With the exception of minor difficulties caused by the 
loosening of cordage connections by the severe vibration, no par- 
ticular diffieulty was encountered in maintaining complete and 
satisfactory communication between the caboose and the engine 
at all speeds. During the run, the train was double-headed and 
a pusher locomotive was used directly behind the caboose for а 
short distance. This apparently had no effect upon the operation 
of the radio system. The consensus of opinion of those present 
was undoubtedly that the application of radio communicating 
systems to railroad service was in immediate prospect. 

In future designs of apparatus for this purpose, it is proposed 
to provide several fixed wavelength adjustments on the transmit- 
ters, any one of which may be selected at will by the manipulation 
of а switch. It is contemplated that instructions will be given to 
the train crew before the run is started as to which of these several 
wavelengths is to be used by that train during its run. "Trains 
traveling in the opposite direction would be operated upon another 
wavelength and there would be no interference between the trains 
while they were passing or within range. Communication between 
the two trains would be readily possible at any time they were 
within range, however, by merely turning the master switch to 
the wavelength of the other train and proceeding in the usual 
manner. The receivers would be made with a single wavelength 
control adjustment which would cover all of the wavelengths in 
use. Inasmuch as there are à number of channels available within 
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the band assigned to this service, there should be no difficulty 
with interference for some time to come. 


6. OTHER USEs 


With the application of radio communication to railroad freight 
service comes also the application of a similar service to passenger 
train operation, not only for the purpose of train handling, but 
also for the purpose of intercommunication between trains, and 
between a train and a way-station. A further application which 
has been given some consideration is that to large freight yards 
where one towerman controls all of the locomotives working in a 
yard perhaps five miles in length. Much time is now lost because 
of the lack of prompt communication between the tower and the 
individual locomotives. 


SUMMARY 


The problem of communication between the front and rear 
ends of long freight trains is briefly discussed, and a two-way 
telephonic radio intercommunicating system developed for this 
service is described. The results of tests of the apparatus under 
working conditions are also given. 
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INSTITUTE ACTIVITIES 
OcTOBER MEETING OF THE BOARD OF DIRECTION 


At the meeting of the Board of Direction of the Institute, 
held on October 5, 1927 in the Institute Offices, the following 
were present: Dr. Ralph Bown, President; Frank Conrad, 
Vice-President; Dr. A. N. Goldsmith, Secretary; L. A. Hazel- 
tine, R. A. Heising, J. V. L. Hogan, К. Н. Marriott and J. М. 
Clayton, Assistant Secretary. 

Mr. Melville Eastham was elected Treasurer of the Institute 
to fill the unexpired term caused by the death of Mr. Warren 
F. Hubley. 

Upon recommendation of the Committee on Admissions, 
the following applications for transfer or election to the higher 
grades of membership in the Institute were approved: Transfer 
to the grade of Fellow: M. C. Batsel and L. E. Whittemore H 
transfer to the grade of Member: Carlton D. Morris and Con- 
way Taylor; election to the grade of Member: John Е. Grinan, 
E. B. Moullin and G. McB. Salt. 

One hundred and two Associate and ten Junior members 
were elected. 

In the absence of nominations by petitions, the ballot for 
1928 officers of the Institute will be as follows: | 

For President, Professor E. M. Bennett and Dr. A. N. 
Goldsmith. 

For Vice-President, А. Н. Grebe and L. E. Whittemore. 

For Managers, Dr. W. G. Cady, Dr. J. H. Dellinger, 
W. G. H. Finch, and R. H. Manson. 


LIEBMANN MEMORIAL PRIZE 


The Liebmann Memorial Prize for this year was awarded to 
Dr. A. Hoyt Taylor for his work in connection with the in- 
vestigation of radio transmission phenomena. The award will 
be made at one of the sessions of the 1928 convention of the 
Institute early in January. 


1928 Yrar Book 


With the ballots for 1928 Officers of the Institute, which 
will be in the mail shortly after November 1st, there will be 
found & form to be used by all members in notifying the 
Institute of any changes of business or residential address for 
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inclusion in the 1928 Year Book. These forms should be 
executed and returned with the ballots. All members are urged 
to return both promptly in the envelope provided therefor. 

The 1928 Year Book will contain a catalog of the member- 
ship of all grades, as of December 31, 1927. Changes in address 
or unpaid members cannot be included in the membership list 
if the Institute is not notified prior to that date. 


MEMBERSHIP CARDS 


At the October meeting of the Board of Direction it was 
decided that membership cards for all grades of membership 
shall be available next year. These cards will be issued only 
upon request. Ж. 

Institute Meetings 


New Yonk MEETING 


At the New York meeting of the Institute, held on October 
5, 1927 in the Engineering Societies Building, 33 West 39th 
Street, New York City, a paper on ‘‘Method of Reducing The 
Effect of Atmospheric Disturbances” was presented by Major 
Е. Н. Armstrong. 

In the discussion which followed the paper, the following 
took part: Dr. A. N. Goldsmith, Carl T. Englund, Roy 
Weagant, R. H. Marriott, D. K. Martin, A. H. K. Morse, 
A. E. Reoch, and others. 

The attendance at this meeting was over six hundred. 

А limited number of copies of the paper, in pamphlet form, 
are available to members of the Institute upon application to 
the Institute Offices. 

ATLANTA SECTION 

A meeting of the Atlanta Section of the Institute was held 
in the Atlanta Athletic Club on September 7, 1927. H. L. 
Wills, Vice-Chairman, presided. Mr. Oliver, of the Southern 
Bell Telephone Company, read the paper of Messrs. Diamond 
and Webb on “The Testing of Audio-Frequency Transformer- 
Coupled Amplifiers." 

Following the paper and discussion, the motion picture 
“Silent Drama of Telephony" was shown. 

The attendance at this meeting was twenty-five. 


BuUFFALO-NIAGARA SECTION 


At the invitation of the local Section of the American 
Institute of Electrical Engineers, the Buffalo-Niagara Section 
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of the Institute of Radio Engineers attended an A.I.E.E. 
meeting on September 23, 1927 at which E. C. Markley of the 
General Electric Company delivered a paper on ‘Carrier 
Current Telephony." This paper was discussed by C. A. Boddie 
and others. 

А meeting of the Buffalo-Niagara Section was held on 
October 12, 1927 in Townsend Hall, University of Buffalo. 
L. C. F. Horle was the presiding officer. 

À paper by Francis H. Engel, of the Radio Corporation of 
America, on “Notes on A-C. Tubes" was presented by Mr. 
Engel. Messrs. Hector, Stone, Horle, Jones and others par- 
ticipated in the discussion which followed. 

The attendance was fifty-five members. ` 

The next meeting of the Section will be held on November 
17, 1927 in the Science Hall, University of Buffalo, at which 
time Dr. Ralph Bown, President of the Institute, will present 
a paper on “Transatlantic Telephony." 


CANADIAN SECTION 

At the September 14th meeting of the Canadian Section, 
held in the Electrical Building of the University of Toronto, 
A. M. Patience presided. 

C. I. Soucy, of the University of Toronto, presented the 
first of a series of "Junior Lectures" prepared fot the benefit of 
the younger members of the Section. The first lecture was 
entitled “Inductance Coils.” It is planned that at each meeting 
of the Section, for a period of about twenty minutes, one of 
these Junior Lectures will be given. The proposed subjects 
include Coils, Condensers, Application of Coils and Condensers, 
Tubes, Radio-Frequency Circuits, Audio-Frequency Circuits, 
Sensitivity and Selectivity, Loudspeakers, Batteries and Rec- 
tifiers, Installation and Service Problems and other subjects. 

The paper of the evening, entitled ‘‘Rectox, The Oxide- 
copper Rectifier’, was presented by A. L. Atherton. In the 
discussion which followed, the following took part: Messrs. 
C. I. Soucy, C. L. Richardson, D. Hepburn, J. Leslie, G. E. 
Pipe, C. A. Lowry, A. R. Starr and others. 


CLEVELAND SECTION 
On September 23, 1927 a meeting of the Cleveland Section, 
J. R. Martin presiding, was held in the Auditorium of the new 
School of Lighting, General Electric Company, Nela Park. 
Wm. T. L. Cogger, Manager of the Vacuum Tube Department 
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of the Nela Works, presented a paper on ‘Тһе New Vacuum 
Tube (A-C.)’’. 
Seventy-five members of the Section attended the meeting. 
On November 4, 1927, Dr. Ralph Bown, President of the 
Institute, will present a paper ‘‘Transatlantic Telephony” in 
the Case School of Applied Science, Cleveland. 


PHILADELPHIA SECTION 


The September meeting of the Philadelphia Section was 
held on the twenty-third of the month in the Bartol Labora- 
tories. J. C. Van Horn presided. 

A paper by Dr. Ralph Bown on ‘‘Transatlantic Radio 
Telephony" was presented by Dr. Bown. 

Messrs. Miller, Arnold, Snyder and others took part in the 
discussion which followed. 

The attendance was fifty-two members. 


SAN FRANCISCO SECTION 


The San Francisco Section is planning a renewal of its 
meetings beginning with a session in November, to continue 
throughout the winter and spring months. 

At a luncheon in the Engineers’ Club, San Francisco, on 
October 7, 1927 the affairs of the Section were discussed by 
Dr. L. F. Fuller (member of the Committee on Sections), D. B. 
McGown, B. H. Linden, A. Y. Yuel, and Past-President Donald 
McNicol. 

The large growth of radio on the Pacific Coast now makes 
possible the presentation of a wide range of papers on radio and 
related subjects of interest to members of the Institute. 


SEATTLE SECTION 


On September 17, 1927 a meeting of the Seattle Section w8 
held in the Telephone Building, 3rd and Senaca Streets, Seattle. 
Mr. T. M. Libby was Chairman. 

Two papers were presented. The first, by J. R. Tolmie, w3 
a discussion of the Preliminary Drafts of Reports of the ln 
stitute’s Sub-committees on Vacuum Tubes, Receiving Sets 
and Electro-Acoustic Devices. The following participate d ™ 
the discussion of these preliminary drafts: Messrs. Li bby: 
Willson, Burleigh, and others. 

The second paper, by Howard F. Mason, was entitled 
“Short Wave Transmitter Operation in the Arctic." Mess: 
Libby, Burleigh, and Tolmie discussed this paper. 
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Twenty-eight members of the Section were present at the 
meeting. 
PROPOSED SECTIONS 


Continued correspondence is being held with members of 
the Institute looking to the formation of Sections of the In- 
stitute in the following localities: Milwaukee, New Orleans, 
Pittsburgh, Denver, and Minneapolis. 

It is anticipated that Sections will be formed in several of 
these cities before the first of next year. 


Committee Work 
SuB-COMMITTEE OF THE STANDARDIZATION COMMITTEE 


A meeting of the Sub-committee on Determination of Cir- 
cuit Constants was held at Institute Headquarters on Septem- 
ber 23, 1927. The following members of the Sub-committee 
were present: Н. M. Turner, Chairman; C. T. Burke, G. C. 
Crom, and С. 8. Southworth. 

Miscellaneous questions pertaining to symbols and nomen- 
clature which have been referred to the Committee were 
discussed and for the most part agreed upon. Certain of these 
matters are to be taken up with the American Institute of 
Electrical Engineers with the hope of securing uniformity of ` 
action. | 

The greater portion of the day was devoted to а consideration 
of а partially completed preliminary draft of а report. One of 
the major problems is that of obtaining convenient and reli- 
able methods of measuring the inductance of iron-cored coils 
with and without superposed direct current. The Chairman has 
spent considerable time studying the various methods in general 
use and devising others and comparing them. Some of this 
material was submitted to the Committee members present 
at this meeting for their comments and suggestions. Other 
problems discussed included determining the characteristic 
curves of audio-transformers, measuring, the capacity of large 
and small condensers, the distributed capacity of coils, and 
measuring the resistance of grid leaks. 


COMMITTEE ON ADMISSIONS 


At its meeting held on October 5, 1927, the following 
members of the Committce on Admissions were present: Vice- 
President, Frank Conrad, Chairman; Professor L. A. Hazeltine, 
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Dr. L. М. Hull, F. Н. Kroger, and Н. F. Dart. The Committee 
acted upon eleven applications for transfer or election to the 
higher grades of membership in the Institute. 


COMMITTEE ON MEMBERSHIP 

A meeting of the Committee on Membership was held in the 
Institute Headquarters on September 23, 1927. At this meeting 
H. F. Dart, Chairman, E. R. Shute, and J. M. Clayton were 
present. 

The Committee has many plans before it looking to cir- 
cularization and other activities which will result in an increase 
in the membership in.the Institute. 


OBITUARY 


With deepest regret The Institute of Radio Engineers 
announces the death of 


Warren Fetter Hubley 


Mr. Hubley’s interest in the development of The Institute 
of Radio Engineers goes back to the early days of the organiza- 
tion. He first became interested in the meetings of the Wireless 
Institute. When that parent organization combined with the 
Society of Wireless Telegraph Engineers to form The Institute 
of Radio Engineers in May, 1912, he continued to attend the 
meetings and was elected to associate membership November 
4th, 1912. He was elected to the grade of Member February 8, 
1926. In 1915 he was elected Treasurer and continued in that 
capacity, except for the year 1917, until his death. 


Mr. Hubley, throuchout his long and helpful association 
with The Institute of Radio Engineers, gave unsparingly of 
.time and effort in the interest of the Institute. His unremitting 
attendance at meetings of the Board of Direction of the Institute 
rendered available his wise counsel and careful analysis of the 
problems of Institute management, to which he gave his un- 
divided and thoughtful attention. | 


The Board of Direction аз a group has lost a capable and 
conscientious associate, and as individuals they have lost a 
close friend. 


Mr. Hubley was born May 9th, 1880. He died at 4 A.M. 
September 19th, 1927. 


ON THE VALUES AND THE EFFECTS OF STRAY 
CAPACITIES IN RESISTANCE-COUPLED 
AMPLIFIERS* 

By 
MANFRED VON ARDENNE AND WOLFGANG STOFF 
(Berlin) 

It is a well-known fact that among the stray capacities in a 
vacuum-tube amplifier the capacity between grid and plate of the 
tube is of primary importance, especially since this capacity is 
materially increased by the amplification of the tube. In Germany 
this effect first was explained by H. Вагкһаџѕеп. The corres- 
ponding equations, however, have very often not been properly 
apphed. For example, the effective direct grid-plate capacity is 
given as (1+A,) times larger than the statically measured C,,. 
A, 1s the actual voltage amplification of the tube arrangement in 
question. In this case the fact is overlooked that the phase- 
difference existent between AE, and AE, is generally not 180 deg., 
but some other considerably different angle. This fact, of course, 
is immaterial in respect to mere amplification, but it is of first 
importance in regard to the charge and actual amount of grid-plate 
capacity increase. The fact that the actual increase of C,, is, 
according to the phase angles, smaller than (14- A,) times, is natu- 
rally of the greatest influence on the judgment of amplifier-dimen- 
sions such as are given by the writer since the beginning of 1925, 
namely, resistance-coupled audio-amplifiers with tube-plate resis- 
tances and outer plate circuit resistances of the order of megohms. 
In the following, the general theory of stray capacities will first be 
developed with due consideration to the phase conditions men- 
tioned above, and then the values and effects of stray capacities 
will be discussed for a three-stage amplifier of practical dimen- 
sions. 

Fig. 1 shows the simplified circuit and Fig. 2 the corresponding 
symbolic diagram employed to explain the calculation of the 
effective stray capacities in a single-stage amplifier with optional 
plate load. Here the tube is considered to be an alternating current 
generator with the e.m.f.2u - AE,, and the internal resistance 

* Original Manuscript received by the Institute, July 6, 1927. Revised 
Manuscript received by the Institute, August 12, 1927. 

T See also Manfred von Ardenne and Wolfgang Stoff: “Die Berechnung 


der Scheinkapazitáten bei Widerstandsverstárkern," Jahrbuch der drahtlosen 
Telegraphie und Telephonie, Vol. 30, No. 13. 
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Tp, according to a well-known definition. Parallel to the plate- 
circuit impedance load Z, are the plate-filament capacity C,, and 
the grid-plate capacity C,,, which is connected in series with the 


Figure 1 


e.m.f.=pu - АЁ. The alternating grid-potential AFE,» should be 
considered as given; AE,, is the potential across Дш» Which is the 
total plate-circuit impedance formed by Zs and the parallel stray 


Ep. . 
is given by the following 


go 


capacities. The potential ratio 


well-known equation: 


po 1 

= — ц о ——— 
AE r 1 
ё peat (1) 

Жы 
Н i 1% І Lec 4-joC (: d (2) 

ere 18 equal to: — . — 
а q Z J i JMO gp AE, 


Zo. 


Figure 2 


After & mathematical operation with these two equations the 
following results: : 


. Tp 
1 —JoC,, : — 
| и 


1 
1+ (zie, ) 
b 


Just as in the plate circuit the stray capacities must also be 
considered in the grid-circuit. Fig. 3 shows the corresponding 
symbolic diagram for the grid-circuit. Parallel to the grid circuit 
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impedance Z, of optional type are the grid-filament capacity С, 
and the grid-plate capacity C,,, which is in series with the 
e.m.f.=AE,,. The total grid-circuit impedance Z,,,, may then 
be calculated according to the following equation: 


P C ы С (: i) (3) 
=—+jw w — 
2 Z, Jo gf T JO gp АЕ,, 


In order to make use of equation (3) properly the phase-angle 
p between AI po and АЁ,» and y between AT,, апа АЁ,» have to be | 


AE no 
introduced. The potential ratio —— may then be divided into 
AE,, UM AE Do . 
the real component cos (6 —V) and the imaginary one 7 sin 
Ее АЕ, 
(фу): 
Equation 3 then becomes the following: 
ЕР maar eNO (1 asa DE ) 
—=—— - j———sin($ — we, 1— cos ($ — a 
Zoi, Lo JON of JAE, IW gp AE,. 


In this formula the total effective stray capacity corresponds to: 


| AE, 
Суу = C AE cos ($ -») (4) 


go 
For the effective stray capacity only the real component in the 


Ese 


ratio 18 of influence. 


go 

According to the type of plate circuit load three distinct cases 
can be distinguished for the reaction on the grid-circuit : 

First, Z, is a pure ohmic resistance, 

Secondly, the inductive component in Z, is dominant, 

Thirdly, Zə is mainly capacitive. 
For a pure ohmic load on the plate circuit the maximum value of 
effective stray capacity results, since the first-mentioned formula | 
is correct in this special case: 


С.у „= Cot t Cop 1+ A.) (4a) 


The condition of a pure ohmic resistance load, however, is only 
met in practice for the lower frequencies (below about 500 cycles), 
especially in resistance-coupled amplifiers. Furthermore, it should 
be noted that even if а pure ohmic resistance 18 connected in the 
plate circuit, for radio frequencies the stray capacities already 
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existent according to equation (2) form a considerable capacitive 

load. | 
Generally the effective stray capacities should always be cal- 

culated according to equation (4); it then is of no consequence 


Figure 3 


whether the plate circuit has a capacitive or inductive load. It is, 
however, of importance that, as formula (3a) shows, the imaginary 
AE, 


1 
4go 


component of the ratio gives rise to a real component in the 


grid-circuit. 'This real component is negative in the case of an 
inductive plate circuit load, and ean therefore produce self-oscilla- 
tion of the amplifier. For a capacitive plate circuit load this 
component is positive and therefore damps the grid-circuit some- 
what. 

In dimensioning audio frequency amplifiers with resistance- 
capacity coupling, it is of primary importance to determine the 
frequency response toward the higher audio frequencies, where the 
capacitive load on the plate circuit is no longer negligible!. Correct 
results are then only obtained if the effective values of the stray 
capacities are calculated according to formula (1). Besides, the 
real component appearing in the grid-circuit must be taken into 
consideration as well, as was mentioned above. This real com- 
ponent has, since all the phase-angles in the formulas given are 
defined with respect to the direction of the grid-potential as a 
normal, no phase-angle difference from a pure ohmic resistance in 
the grid-circuit. 

This real component thus effects a reduction of the total grid- 
circuit impedance Z,,,, for the higher frequencies; in practice, it 
therefore is necessary to reckon with slightly smaller grid-leak 
values in order to take account of this effect. If both effects are 
taken into consideration: First, the reduction of the effective value 

1A sufficiently uniform response of the amplifier фо impulses of frequen- 


cies near the lower limit of audibility may easily be obtained by suitably 
dimensioning the grid-coupling capacities. 
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of the stray capacities because of the phase-difference, and, 
secondly, the reduction of the total grid-circuit impedance due to 
the real resistance component introduced into the grid circuit at 
higher frequencies, then the actual frequency response of the am- 
plifier at the higher audio-frequencies turns out to be considerably 
more uniform than should be expected from formula (4a). 

The practical appliance of the theoretical considerations given 
above can best be shown by means of an example. Fig. (4) shows 
the simplified circuit diagram of a three-stage resistance-capacity- 
coupled amplifier, as will be considered given for the calculations. 
The dimensions of the components correspond to measurements 
taken by the writer on an amplifier of this type. 


Ry = Rye = 8 megohms 


Rss = Туз 

Ro2=R,3=8.5 megohms 
пх=цз= 81 

из=9 


T5177 7р2 = 0.7 megohms. 
In a normal circuit arrangement the direct inter-electrode tube 
capacities for German tubes were measured and found to be from 


Figure 4 


1 to 2 micro-microfarads. In the following a mean value of 1.44 
micro-microfarads will be assumed for C op» Cos, and Су. 
For the simplified assumption of a pure ohmic plate circuit 

resistance of the power-tube №; = rpa the following equation exists: 

ДЕ роз H | 

AE, 2 
The further calculations will be carried out at the frequency of 
10,000 cycles which is near the upper limit of audibility? At this 
frequency the following may be assumed: 

Zbion = Ё Lo 1510 = Zeus 


AE 501 —AÀE,; AE 3.2 = AE,a. 
* At this frequency, the capacitive load of course has the greatest influence. 
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According to formula (4a): С, =1.444-1.44(14-2.5) =6.5 micro- 
microfarads. Accordingly, the total effective stray capacities are 
found to be C,jj,,,— С +С, Соу = 9.4 micro-microfarads. If the 


Те, xs : А 

factor jwC,,— is disregarded in comparison to (1), then formula 
u 

(la) is changed into: 


AE oo 1 
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After the correct values for the different constants are introduced: 


AE yo 1 
AE, 14-0.324-j 0.41. 
ро? ДЕ роз А 
eos (ф—ұ) = – 21.6; ——— віп (фу) =6.8; А, = 22.6. 
go2 АЕ,» 


The static amplification in this stage is A,=23.8; the dynamic 
amplification therefore is practically equal to the static even at 
the high frequency of 10,000 cycles. The frequency response in 
this second stage therefore may be assumed to be uniform. After 
examining the curvature of the dynamic working characteristic 
it will be found that here too the amplitude-distortion is negli- 
gible, which is of primary importance in this stage because the 
amplitude is large. 
For the first stage the following values must be assumed: 


Cesti = 9X 1.444 1.44 X (14+ 22.6) = 38.5 micro-microfarads 


1 1 
= (+0. 62) 10-*=0.715X 10- 
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Just as above, the following values result: 


pe’ cos (фу) = —9.6; 2 sin ($—V)28.9; A,2713.1 
AE yor "BE ot idu dou 
In spiteof the fact that the phase-difference ($ — V) is rather large in 
this stage (about 140 deg.), the only pure resistance-capacity cou- 
pled stage, the dynamic amplification for the frequency of 10,000 
cycles does not drop even to one-half of the static amplification. 
The same of course applies to the three-stage amplifier as & whole: 
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These voltage amplification factors given here are those determined 
by measurement of the input alternating grid potential and of the 
output alternating potential across the output resistance. The 
amplification factors calculated here practically exactly comply 
with measurements taken on a three-stage amplifier of the same 
dimensions. According to these measurements the dynamic am- 
plification at the frequency of 10,000 cycles falls off to 0.516 times 
the maximum amplification. Therefore, the effective stray capacity 
values calculated here may be assumed to be practically equal to 
those actually present. 

As the above calculations have shown, the actual amplification 
factors of such resistance-capacity-coupled amplifiers-and all other 
amplifiers with appreciable reaction of the plate-circuit load on the 
preceding grid-circuit can only then be correctly calculated, 17 the 
different stages are calculated proceeding backward, that is, beginning 
with the plate circuit of the last stage. Wrong results are obtained, 
if founded on some assumptions one stage only is examined, and the 
result gained simply multiplied by the number of stages involved, 
as in the case of the frequency-response calculation of a three- 
stage amplifier with resistance coupling. As has been shown by the 
calculations carried out above, with resistance-capacity-coupled 
audio-frequency amplifiers the frequency response of the first stage . 
only is of material importance. Three-stage resistance-coupled 
amplifiers of these dimensions with such high amplification factors, 
however, are seldom used as pure audio-frequency amplifiers. As 
a rule the grid of the first stage is directly connected to a tuned 
radio-frequency circuit, which is then coupled either to the antenna 
or to the output of a radio-frequency amplifier. By the influence of 
the considerable capacitive load on the plate-circuit of the first 
tube, a very sensitive “anode-bend” detection effect for radio 
frequency only is then introduced? Two-stage amplifiers of this 
description, containing one voltage-amplification stage followed by 
a power-tube, have a practically complete uniform frequency- 
response, as is apparent from the calculations given above. 

3 Compare the first writer's publication “Uber Anodengleichrichtung,” 


Jahrbuch der drahtlosen Telegraphie und Telephonie, Zeitschrift für Hochfre- 
quenztechnik, Berlin. Vol. 29. No. 3. 


MOUNTING QUARTZ OSCILLATOR CRYSTALS* 
By 
К. C. Hrrcucock 


(Research Department, Westinghouse Electric and Manufacturing Company, 
East Pittsburgh, Pennsylvania 


Quartz oscilators are becoming more widely used to control 
the frequencies of radio stations. Under fairly constant tempera- 
ture conditions, and with good regulation of filament current and 
plate voltage on the controlled tube, a quartz master oscillator may 
readily be kept to within 50 parts in a million of an assigned fre- 
quency. 

There are several methods of cutting а piezo-electric plate from 
a quartz crystal. Fig. 1 shows a right prism of quartz with the 
optic axis perpendicular to the bases. The usual orientation! for a 
quartz piezo-electric plate is that of method 2, giving a thickness 
wavelength of 105 to 115 meters per millimeter. The crystals used 


Orric, Axis 


Figure 1— Methods of cutting piezo-electric plates. 


for all the tests to be described in this article are cut according (9 
method 1, having a thickness wavelength of 140 to 150 meters ре! 
millimeter: For a given wavelength, the crystal of method Lis 
two-thirds as thick as a crystal of method 2. For some wave 
lengths, the thinner crystal of method 1 has definite advantage 
due to the stronger electric field which is applied. 

* Original manuscript received by the Institute, June 21, 1927. 

1 A. Hund: Uses and Possibilities of Piezo-electric Oscillators. PROC 


I. R.E. Aug. 1926, p 448. A. Crossley: Piezo-electric Crystal-controlled 
mitters. Proc. I. R.E. Jan. 1927, p. 13. 
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Of the several factors which govern the action of a piezo-electric 
crystal when controlling a radio-frequency circuit, the mounting of 
the crystal is quite important. It will be assumed that the circuit 
is properly designed, that a good piece of piezo-electric material 
is available, and that the only variable to be considered is the 
mounting of the crystal. The main feature of a crystal-controlled 
master oscillator is its ability to regulate a radio frequency very 
closely. In addition, it is quite desirable to have the crystal- 
controlled circuit radiate as much power as possible, in order to 
reduce the number of radio-frequency power amplifiers. 

In using crystal-controlled tubes radiating more than a few 
watts, several problems arose which did not occur when the power 
was only a fraction of a watt. The circuit of Fig. 2 is a typical crys- 
tal-controlled circuit in which the grid bias is supplied through a 


quatrz 
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Figure 2—Piezo oscillator with power-absorbing circuit. 


grid-leak, this being found to give better control of the radio fre- 
quency than when a choke coil was used. In addition to the crystal 
circuit, an absorbing circuit is used (see Fig. 2 at the right) to 
measure the amount of power radiated. Using this circuit the vari- 
ous mountings were tried and their effect on the output determined. 
The frequency characteristics were found by using a crystal-con- 
trolled receiving tube circuit coupled very loosely to the power 
circuit which was being tested. The crystal which controlled the 
receiving tube circuit was ground to give a frequency several 
hundred cycles above or below the power crystal circuit, so that the 
audio beat could be heard by receivers which were inserted in the 
receiving tube plate circuit. 

When the crystal-controlled circuit was arranged so that as 
much as 10 watts could be absorbed, it was found that the piezo- 
electric reaction of the crystal was so great as to cause sparking 
at the electrodes. The sparking caused electrode corrosion which 
soon interfered with the free action of the crystal, and also spoiled 
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the clear-cut character of the radio-frequency output. High power 
also caused the crystal to heat badly, often resulting in cracking, 
which of course stopped the oscillations. 

In order to compare directly the various types of mountings 
the frequencies of the crystals were ground to less than 3 percent 
of one million cycles per second (300 meters wavelength). From a 
survey of mountings for crystals of this frequency, the possibilities 
at other frequencies can be considered. 

All mountings for piezo-crystals consist of electrodes which are 
smooth and plane on the side next to the crystal. One of the 
simplest mountings is that of а flat metal plate on which the 
crystal rests, and an upper plate resting on top of the crystal, 
(see Fig. 3). This mounting as shown is one in which the upper plate 
rests on the crystal, the only pressure being its weight, while 
others use a spring to press the upper electrode more firmly on the 


UPPER PLATE 
RESTING ON 


CRYSTAL ~~ 


CRYSTAL— 


HEAVY LOWER.—— 
PLATE | 


Figure 3 


crystal. At high radio frequencies, perhaps above two million cycles 
per second (less than 150 meters wavelength) the simple type of 
mounting shown in Fig. 3 is fairly satisfactory. 

For frequencies in the vicinity of one million cycles another 
type of mounting, in which the upper electrode is supported 
a definite distance away from the crystal, has certain advantages 
which the simpler mounting does not have. The disadvantages of 
the simpler holder for frequencies of the order of a million cycles 
per second are shown when a large amount of power is taken from 
the crystal-controlled cireuit. An ordinary crystal-controlled 
UX-210 tube (7-1/2 watt rating) can radiate 5 to 7 watts at 8 
million cycles with nearly any type of mounting. When using 8 
UV-211 tube (rated at 50 watts) with 1,000 volts on the plate and 
absorbing 50 to 80 watts from the plate circuit, crystals were often 
broken when using the above simple method of upper electrode rest- 
ing on the crystal. Using the spaced mounting, in an oil bath at 
constant temperature, which will be described later, tests of geveral 
hours were run successfully at outputs of 50 to 80 watts without 
breaking the crystal. 
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SPACED UPPER ELECTRODE 


When mounting the upper electrode a fixed distance away from 
the crystal, it is essential to have the electrodes parallel. If the 
electrodes were not parallel, the electric field would be unevenly 
distributed, tending to strain the crystal. Various mountings were 
constructed which provided a space above the crystal, yet which 
were simple in construction. One type, which proved useful for 
several sizes of crystals, is shown in Figs. 4 and 5. In this mounting 
an accurately turned hard rubber ring spaces the upper electrode a 
small distance away from the crystal, and when a different crystal 


Figure 4 


is to be used an appropriate ring is substituted in the holder. A 
definite spacing which could always be duplicated was afforded by 
keeping the ring and its crystal in the same envelop. 

The crystal vibrations are not damped by the pressure of the 
upper plate in the spaced type of mounting; this accounts for the 
increased power which can be obtained. A further advantage of 
a spaced holder is that the intensity of the electrostatic field across 
the crystal is reduced, due to what is effectively a series condenser. 
This reduced field helps prevent breakage of the crystal due to 
dielectric failure of the quartz. 

There is a certain phenomenon which occurs when using a 
spaced upper electrode which may give trouble if its characteristics 
are not known. The position of the upper electrode for maximum 
power and accurate frequency control is somewhat critical. If a 
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holder with an adjustable upper electrode is available, an interest- 
ing experiment can be performed. If the upper electrode is con- 
tinuously moved away from the crystal, the radio frequency 
emitted by the crystal-controlled circuit is raised, but not at a 
uniform rate. There will be successive points where the frequency 
will “jump” a few hundred cycles, or occasionally as much as a 
few thousand cycles per second. If the power is measured at the 
same time that the frequency is being investigated, it will be found 
to be a minimum at the same points where the frequency Jumps 
occurred. This test would make it seem that the use of a spaced 
upper electrode was undesirable, but there is a simple explanation 
and solution to this phenomenon. The crystal when vibrating 
strongly sets up compressional air waves, which when reflected 
back from the upper plate in certain definite positions exert 4 
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damping effect on the crystal. These are simply standing waves 
in air. For a first approximation it can be assumed that the speed 
of this air wave is the same as that of an ordinary sound wave in 
air. The air wavelength in millimeters would then be equal to 
the speed of sound in meters per second divided by the frequency 
in kilocycles per second. That is 
3315 /aec 

TU Жош 
It was found that the assumption of the ordinary speed of sound in 
air did not give the correct distance of air wavelength for minimum 
power and frequency shift. In fact several experimental curves 
showed that the speed of the sound wave emanating from a 
vibrating crystal was nearly twice that of an ordinary sound wave. 
This makes the wavelength twice as long as when using the usual 
speed of sound in air, and a more correct formula is 
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-It should be noted that this equation is simply a further approxima- 
tion, and that the speed of sound is really a function of the energy 
with which the crystal vibrates and varies with the amount of 
power radiated. The reason for the faster speed of propagation 
is to be found in the very energetic crystal vibration when radiating 
large amounts of power from the controlled circuit. It is well 
known that explosive waves travel faster than ordinary sound 
waves which have much smaller amplitudes.?* A strongly vibrating 
quartz oscillator crystal can be regarded as a source of rapidly 
recurring explosive waves, therefore having a velocity greater than 
ordinary sound waves. 

À simple experiment with a screw top holder serves to locate 
the correct position of the upper electrode for апу piezo-electric 
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Figure 6—Piezo crystal mounting for low power. 


crystal. An absorbing circuit is coupled to the crystal-controlled 
circuit, and as the upper electrode is raised, the first point of 
minimum power is noted. The best operating position of the 
upper electrode is to be found between the upper surface of the 
erystal and the first position of minimum power. For crystals 
vibrating at a million cycles per second the spacing of the upper 
electrode above the crystal can be from two-tenths to four- 
tenths of a millimeter, the smaller value being preferable. 

In mounting electrode plates a fixed distance apart, a reliable 
spacer should be used. Also, due to the fact that the assembly for 
permanent use has to be mounted inside a glass bulb, it 18 seen 
that any material which contains gases would not be satisfactory. 
This excludes the use of molded materials such as micarta and 
bakelite. The heat which is applied to outgas the crystal electrodes 
is sufficient to rule out other materials which become plastic at 


? The Detonation Wave from Solid Explosives: W. C. Holmes, Jour. Fr. 
Inst. Apr. 1927, p. 549. 
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fairly low temperatures, for instance, hard rubber. In the assembly 
which is shown in Figs. 6, 7, and 8, the spacers are made of fused 
quartz tubing. This material has a very low coefficient of expan- 
sion, contains no more gases than the glass of the bulb itself, and 
does not become plastic at ordinary temperatures. Sections of 
glass tubing can also be used for spacers, although their coefficient 
of expansion is much higher than for fused quartz. The feature 
of low expansion coefficient is not of such importance where the 


Figure 7 | Figure 8 


crystal mounting is immersed in a temperature-controlled bath. 
The oil bath will be described later in detail. 


. ELECTRODE MATERIAL 


Having determined the best spacing of the upper electrode 
above the crystal, the next problem was to find the best material 
of which to make the electrode plates. When large amounts of 
power were absorbed from the crystal-controlled circuit, the 
periodic reaction of the crystal produced such large potential 
differences between the upper face of the crystal and the lower 
surface of the upper electrode, that sparks passed between them, 
as mentioned at the beginning of this article. These sparks are 
detrimental in two ways. In the first place they are strongly 
oxidizing sparks which rapidly corrode the electrode plates. Using 
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brass electrodes, it was found necessary to clean off the corrosion 
nearly every day when a crystal was in continuous operation. 
The other objectionable feature is that air is a fairly good insulator; 
the spark does not pass until the potential difference has become 
quite large, and as the spark leaves it creates a disturbance in the 
form of a transient vibration of the crystal, which is added to the 
emitted radio frequency. When a crystal plate is sparking, the 
rough pitch of the sound can be heard by listening near the crystal 
holder, and this pitch is the same as that which is added to the 
radio frequency, making it unsuitable for master oscillator control 
of radio stations. To reduce the effect of oxidizing the electrodes, 
metals which were somewhat resistant were adopted, such as 
TO GRID 
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Figure 9—Piezo crystal mounting for high power. 


monel metal, pure nickel, and stainless iron. Of these three, pure 
nickel is perhaps the easiest to machine and makes a very good 
crystal electrode. 

There are two methods of procedure which can be used to 
prevent sparking. The original procedure was to reduce the plate 
voltage of the crystal-controlled tube. The output power was 
thereby reduced, and in turn the voltage feedback through the 
tube was diminished, which eliminated the sparking at the crystal. 
The disadvantage was obvious; the number of radio amplifier 
stages had to be increased to compensate for the decreased power 
in the crystal-controlled tube circuit. 


GLow DISCHARGE AT CRYSTAL 


The second method is the one which is now being used suc- 
cessfully for control crystals at the radio station KDKA. This 
method substitutes a silent glow discharge for the rough spark. 
The glow discharge takes place at much lower potential differences 
than the spark, and accomplishes the desired result. A glow dis- 
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charge is best accomplished by using some gas which ionizes 
readily, which means that the crystal holder must be sealed, as 
in Fig. 8. The glow discharge is preferably carried by an inert gas, 
so that it will not attack the electrode plates when in its ionized 
state. Neon is an inert gas which permits glow discharges at very 
low potential differences, and a pressure of a few millimeters of 
neon has proved satisfactory for quartz oscillator plates. 


Figure 10 


UX-210 tubes with 400 volts on the plate can radiate 5 to 7 
watts of clear-cut radio-frequency output when using a crystal 
plate mounted in a neon-filled tube. Under the same conditions 
of clear radio output, the same crystal in air would only be able 
to supply one or two watts and the tube would have to be operated 
at a reduced plate voltage of 200 or 300 volts. 

When piezo crystals mounted in neon are controlling power 
circuits, there can be seen a pink glow surrounding the crystal. 
If the plate circuit is tuned to a frequency much higher than that 
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of the crystal, a brilliant glow will fill the entire crystal tube. As 
the frequency of the plate circuit is lowered, the glow becomes more 
concentrated, until when the plate circuit is tuned to its best 
point (slightly higher than the crystal frequency) the crystal itself 
seems to be permeated with the pink glow, but there is very little 
glow in the rest of the tube. 

The effect of varying temperature is a very important one for 
quartz plates. Depending on the method of cutting the quartz 
plate, the frequency-temperature coefficient is from 25 to 50 parts 
in a million per centigrade degree. For quartz plates oscillating in 
the thickness direction the latter figure should be used. For a 
constant radio frequency the temperature of the quartz plate should 
be kept as uniform as possible. Quartz crystals are not symmetrical; 
it is due to this fact that they are piezo-electric. This asymmetry 
is a disadvantage in that the crystal when heated expands unevenly 
in its thickness and length directions. It expands very nearly 
twice as fast in the thickness direction as it does in one of its longer 
dimensions. Any use of a crystal to control more than 10 watts 
causes so much dielectric displacement current to flow through the 
crystal that it heats up. If the crystal is operated continuously 
without cooling the heat finally causes such large stresses that the 
crystal cracks. Sometimes only a corner cracks and again the 
crack may occur through the middle of the crystal. If only the 
corner has been cracked, the crystal can be made to oscillate 
again by carefully grinding away all the portion that shows any 
cracks. If a large crystal cracks in the middle, it may be cut into 
smaller plates which are all right for radio oscillators. In other 
words, the failure seems to be a local one and the rest of the crystal 
is unaffected. 


COOLING CRYSTALS FOR POWER WORK 


A means of cooling the crystal is necessary when continuous 
operation at high powers is desired. The holder which is used to 
do this is shown in Figs. 9 and 10. This mounting retains the 
features of the glass bulb type, in that the upper electrode is spaced 
above the crystal, and an inert gas at low pressure is used for a 
glow discharge. By using direct metallic conduction from the 
lower electrode to the copper case, which is sealed to a glass super- 
structure, the cooling is easily effected by immersion in a tank of 
oil kept at the desired temperature. Fig. 11 shows the tank with 
the crystal unit immersed, and Fig. 12 gives the connections for 
the thermostat T, the heating element A, also the lamp L and 
condenser C which serve to protect the thermostat contacts on 
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breaking the circuit. For a 3-gallon oil tank, R was 85 ohms, and 
L was a 100-watt tungsten lamp. The working temperature of the 
crystal unit is chosen to be above that of the highest summer 
room temperature. The temperature chosen for a series of tests 
was 58 deg. C. A good bimetallic thermostat of the helical type 
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Figure 11 


was found to regulate the temperature of this 3-gallon oil bath 
within two-tenths of a centigrade degree. This variation should 
keep a piezo-electric quartz crystal constant to better than 10 
parts in a million. Frequency differences are difficult to measure 
to better than 20 cycles when using a million cycles per second, 
but it can be said definitely that the control is better than 20 
parts in а million. 

It should be noted that both the heater and the crystal are 
placed below the center of the oil bath. This is to insure adequate 
cooling of the crystal and to provide good circulation in the case 
of the heater. If the crystal heats up above the oil temperature, 
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the thermostat cuts off the major part of the current through 
the heater, and the coolness of the room serves to bring the oil 
temperature down. If the crystal does not heat up very much, 
the regular heater is turned on and off by the thermostat, in keep- 
ing the oil bath at the desired temperature. 

Using & crystal unit in the oil bath mentioned, and feeding 
into the grid à UV-211 tube using the circuit of Fig. 2, and ap- 
plying 1000 volts on the plate, a test of 8 hours was run while 
absorbing 50 watts in the auxiliary circuit. Longer tests would 
be illuminating and are in progress, but it is felt that if there were 
a flaw in this manner of operating a crystal, that it would show up 
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Figure 12— Thermostat and heater connections. 


in а severe test of the kind just described. The temperature- 
controlled oil bath can also be used for crystals mounted as in 
Fig. 8 which are not used primarily for maximum power output. 

For crystals of natural thickness frequencies of about one 
million cycles per second, a spaced electrode holder, mcunted in 
an inert gas, and properly cooled, is recommended for power work. 
For crystals of higher frequencies, there may be some difficulty 
in making the spacing of the upper electrode as small as is necessary 
to avoid the resonant air wave. In this case, it might prove ad- 
visable to use a harmonic of a lower frequency having a large power 
output. For crystals of lower frequencies than а million per second 
there should be no trouble in using exactly similar mountings to 
those of Figs. 6 and 9, with a small distance between the crystal 
and upper electrode. 

SUMMARY 


Various types of mountings are described for quartz oscillator 
crystals having frequencies in the vicinity of one million cycles 
per second. For low power work a spaced upper electrode is recom- 
mended, mounted in & neon-filled tube. For radiating up to 50 
watts from the crystal-controlled tube, a similar mounting placed 
in а copper-based tube is advised. This latter tube can be cooled 
by immersion in an oil bath. Accurate temperature control of the 
oil bath keeps the radio frequency within narrow limits. 


THE SHORT WAVE} LIMIT OF VACUUM TUBE 
OSCILLATORS* 
By 
С. К. ENGLUND 
(Bell Telephone Laboratories, Inc.) 


The following paper contains the results obtained while inves- 
tigating the practical short wavelength limit of the vacuum tube 
oscillator. While considerable work at short wavelengths has been 
published by various investigators, no conclusive data determining 
the practical short wave limit have come to the author’s notice. 

Short waves may be obtained from vacuum tubes in at least 
two quite distinct manners, the first being the orthodox oscillator 
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Figure 1 


operation where a coupling between grid and plate circuits by 
regeneration builds up resonance oscillations of frequencies de- 
termined by these circuit constants, and the second (the Bark- 
hausen type) being an oscillation within the tube itself in the 
electron atmosphere between grid and plate. The frequencies of 
the second type of oscillation are apparently determined by the 
time of transit of an electron between the tube electrodes and are 
thus dependent upon the electrode voltages. Little power has so 
far been obtained in the second manner. The work here reported 
refers to the first type or normal oscillator operation. 

It was found that shorter waves could be obtained by means of 
a double tube symmetrical oscillator, than could be got by a single 
oscillator, due to the fact that the total length of conductor carry- 

* Original manuscript received by the Institute, July 24, 1927. 

1 In the present state of the short wave art, it isa distinct inconvenience 
to use “frequency” rather than “wavelength,” since all the measurements are 


made in terms of lengths. 
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ing oscillating currents could be reduced, in the double tube connec- 
tion, below what could be reached by means of a single tube. 
For wavelengths above five meters the tubes available in com- 
mercial use were found adequate, and except for the limitations 
imposed by the necessity for low resistance condensers and induc- 
tances of very small values, the oscillator technique differed little 
from that at considerably longer waves. Small inductances of 
low resistance at these wavelengths require considerable copper, 
but commercial tubing has been found adequate.! This paper 
therefore concerns only the range below five meters. 
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Figure 2 


In a cursory consideration of experimental procedure it might 
scem that the connection of a vacuum tube to a “Lecher System” 
of parallel conductors offers greater possibilities of reaching 
shorter waves than does the use of lumped circuits. This has not 
been borne out by our experience. The first type of circuit tried 
was а symmetrical connection of standard 2/5-A tubes (№ tubes) 
Fig. 1, connected to a quarter wave Lecher system as shown in 
Fig. 2. Results showed that the waves actually obtained were 
much longer than four times the length of the Lecher system. 
The following simple theory, while not exact, is adequate to explain 
the results. 

The impedance of a Lether wire system of length Г and shorted 
at the far end, is given by the expression 


7 TEn 
S= E tanhy/DZ l 


where Z=R+iwL is the complex series impedance per unit length 
and D=A+iwC the complex shunt admittance per unit length 


1 ms ordinary 1/8 in. (0.318 cm.) commercial copper tubing was chiefly used 
еге. 
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of the system. Since the tube reactances are capacities we may 
say that oscillations will occur when the Lecher wire impedance is 
an inductance and these oscillations will be approximately of the 
frequency given by w*L’K =1 where L’ is the effective inductance 
of the Lecher wires and K the capacity of the tube electrodes 
in shunt on the Lecher wires. Or 
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is the resonance condition. Neglecting Ё апа A, since approx- 
imate values will suffice, we have the transcendental equation 


Loo 1. | 
V a tan ov LC кес or if А be the true wavelength obtained 
Ww 


MES Cro 
and у_ 7 X—we have X tan X = — which may be readily solved 
к= 4K | 


graphically. In order that A—AX, we must have 2- © ог 
only at relatively long wavelengths does the ratio х (for given 
tubes) approach unity. If T be determined experimentally for a 
given wavelength it can be calculated for other wavelengths and 


Fig. 3 gives two curves thus obtained for two Lecher systems, 
markedly different in shunt capacity. No essential distinction can 
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be drawn between such Lecher systems and a lumped inductance 
at the shorter wavelengths; it is only at longer wavelengths that 
space wave resonance can occur. Naturally the addition to the 
Lecher system of a length of additional wire equal to half a 
wavelength (or 1/4 wavelength if open circuited at the end) need 
not affect the wavelength generated and, conversely, by damping 
out the fundamental wave by means of appropriate shunts at the 
current antinodes harmonic oscillations should be produced. The 
additional energy loss is apparently pronounced, however, for 


Figure 4—41.2-meter wavelength 


while it has been possible to produce such harmonic waves, only 
the fundamental occurs without shunts. А little consideration 
will show that no harmonic wavelength is obtainable which is not 
more easily gotten as the fundamental of a shorter length of line. 
Accordingly, no further attempts to excite Lecher systems by 
means of direct connected oscillators were made and simple in- 
ductances were solely used for the remaining work. 

Fig. 4 is a photograph of a balanced 215-4 tube oscillator 
using the circuit of Fig. 1 and giving a wavelength of 4.2 meters. 
By reducing the size of the coil this wavelength was considerably 
reduced. The tube capacity was the only tuning capacity used. 
Realizing that too much metal was used in this oscillator it was 
rebuilt with very compact blocking condensers of tinfoil and paraf- 
fined paper and a wavelength of 1.9 meters was reached. 
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In casting about for some scheme of connecting the tubes so 
as to reduce their effective capacity the circuit of Fig. 5 was de- 
vised and tested. It operated well, usually without a grid leak 
and could be pushed down to 1.67 meters with ordinary based 


и" 


Figure 5 
215-А tubes. Fig. 6 is a photograph of the actual oscillator. The 
two coils (each a single turn) had to be connected geometrically 
as shown; if their mutual inductance was reversed no oscillations 
occurred. The lead in wires in 21/5-A tubes are about as short 
as it is possible to make them, and when unbased tubes were used, 


Figure 6—1.67 meters. E,=180 volts. 


as in Гір. 7, the wavelength was reduced only to 1.42 meters. 
Since this represented the limit attainable with commercial 
215-A tubes attempts were made to push down in wavelength 
by increasing plate voltage and filament current. A plate voltage 
increase is of no use alone if the filament does not have a cor- 
responding emission of electrons, in fact а very active filament 
is the backbone of a short wave oscillator. The limit is reached 
when the plate overheats. No marked shortening in obtainable 
wavelength occurred by pushing the plate current per tube to 17 
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milliamperes momentarily (E, app. 200 volts, normal J,2milliamps.) 
and had such shortening been obtained it would not have been of 
practical value. 

It therefore appeared that the only prospect of further re- 
duction in wavelength was in the construction of a special tube 


PLATES FILAMENTS 
Figure 7—1.42 meters. Е = 180 volts. Figure 8 


and the assembly adopted was that shown schematically in Fig. 
8. Five of these tubes were tested, the last one with doubled 
leads inside the tube and one-ampere filaments. With this a wave- 
length of 1.05 meters was finally reached, as a rather unstable 


Figure 9—1.05 meters. E,-—180 volts. 


oscillation, by pushing the tubes hard. Fig. 9 is from a photograph 
of the complete oscillator. At two meters the operation of these 
tubes was quite satisfactory and Fig. 10 shows such an oscillator 
arranged to vary the frequency by changing the length of the 
oscillating coils through sliding contactors. The circuit is the same, 
electrically, as that of Fig. 8. 
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As is evident from Fig. 9 the physical dimensions have been 
reduced to the point where it is necessary, for further progress, to 
put the resonant circuits inside the tube itself. The inter-electrode 
capacity of such a tube would have to be kept very small also, all 
further experiments having indicated that this is more important 
than low plate impedance. So far no limitations except those of 


Figure 10—2 meters. 


ordinary energy loss have been apparent. But to operate below 
one meter a tube must have the properties of a low loss condenser 
with terminal leads of very low inductance. Unnecessary inclusion 
of glass dielectric and the use of nickel electrodes are inadvisable 
and the tube geometry must be rigidly worked out. The construc- 
tion of such a tube is necessarily a double assembly to keep the 
leads short, and the wavelength is not variable. 


Figure 11 


00000000 


At the shortest wavelength obtained а grid leak stopped the 
oscillations, at longer wavelengths,say three meters, the oscillations 
were so vigorous that if a leak was used it had to be a low resistance 
‚ one or the tube *blocked" at а rate varying from 4 to 10 kilocycles 
per second. The oscillating current during blocking was very rich 
in harmonics, and these could be demonstrated as of wavelengths 
well below one meter. If necessary, therefore, the use of harmonics 
will enable the production of small amounts of energy at wave- 
lengths below one meter and it is possible that this will be techni- 
cally useful sometime. It might appear that such harmonics 
could be amplified after selection but apparently the technique 
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which will produce amplifier tubes will give oscillator tubes, 
therefore the need for amplification brings the problem back to the 
oscillator itself. Possibly a square law detector pushed hard with 
an input from a short wave oscillator will make a useful source of 
shorter waves. 

Another double-tube oscillator circuit which seems feasible 
is given in Fig. 11. It is complicated by requiring blocking con- 
densers and for the shortest waves needs a different geometrical 
arrangement from that in Fig. 8. It was tried once and not giving 
any apparent improvement over the circuit of Fig. 8 was not used 
further. | 

The one-meter wave not being controllable, it is pertinent to 
determine what wavelength limit can be reached with reasonable 


Figure 12—3.1 meters. Е, = 700 volts. 


power апа some frequency control, with the present vacuum tube 
technique. With the double 215-А tube а two-meter wave is 
available with frequency control, with а reservation to be referred 
to later. While the power thus available is small, it is sufficient 
for wavelength, capacity, and inductance measurements, a subject 
which will be deferred for the moment. Some rough tests on com- 
mercial tubes, operated at normal voltages are added in the table 
below.? These values are not necessarily the shortest attainable 
but represent wavelengths which can be obtained with reasonable 
ease. | 


Tube Connection Meters 
230-D (60 mil. fil.) push pull 2.0 
205-D dA 5 watt) single (200 volts ЕЁ») 3.2 
221-D (1/4 amp. fil.) push pull ae 
3. 


211-D (*G" 5 watt) push pull 


No frequency control was left at these wavelengths. It there- 
fore appeared possible to design a ó-watt tube which should have 
some frequency control left at 3.5 meters and а photograph 
of such a tube is shown inFig.12. With the oscillating circuit shown 


2 А recent measurement has given Radio Corporation: UX-852, НИ 
tube, 1,000 volts 2.6 meters. 
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attached, the wavelength is 3.1 meters, and by means of a small 
variable shunting capacity the wavelength can be controlled within 
a reasonable range. With such a tube (at 3.66 meters) it has been 
possible to transmit, without noticeable attenuation, three watts 
for a distance of 5.2 meters (the room would not allow a longer 
distance) over a brass pipe transmission line, and radiation experi- 
ments, using a simple vacuum tube voltmeter as receiver, have been 
made up to a distance of 5 1/2 wavelengths. At a four-meter wave- 
length, reception up to distances of a mile has been possible with a 
double detection receiver.? It seems certain, therefore, that wave- 
lengths down to 3.5 meters are readily available for engineering 


Figure 13 Figure 14 Figure 15 


purposes. Figs. 13, 14, and 15 show transmitter, receiver, and 
transmitter reflector antenna systems operating at 3.66 meters. 
It is a curious fact, possibly worth mentioning, that the human 
body forms a very fair Hertzian resonator, and at 3.66 meters is 
so nearly in tune with the radiation that an operator becomes a 
mobile parasitic antenna seriously interfering with radiation 
experiments. 

The results given above are somewhat at variance with the 
data published by a number of investigators‘ since only by the 
use of special tubes was it possible to shorten the wavelength 
below that reported for (apparently) ordinary tubes by these 
investigators. Especial care was therefore taken to make certain 
that the values here reported are fundamental wavelengths and 
not harmonics of a fundamental but unobserved oscillation. It 
is not difficult to assure certainty in this matter; it is merely neces- 
sary to have a resonant Lecher system which is longer than a full 
wavelength and which has a low attenuation. Brass tubes of 

* Тат indebted to Mr. Н. C. Baumann of this laboratory for the con- 


struction of this receiver. 
4 See list of references attached. 
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0.8 cm. diameter spaced approximately 7 cm. give such a system 
and with this it should be difficult to mistake harmonic minima - 
for the practical zeros of the fundamental. Various Lecher frames 
have been made and compared, both as open end and short circuit 
end frames. The check between \/4 and 1/2 frames was always 
found good to 0.2 percent although it would seem that a short 
circuit end, when in the form of a plate, would be more nearly 
ideal than an ordinary open end. Figs. 16 and 17 show two short 
and adjustable \/4 frames used, one having a meter in it. The 
presence of the meter necessitates a small correction. The method 
of using these frames was found to be very simple. For the shorter 


Figure 16—Range 1.2-3.2 meters. 


wavelengths it was sufficient to place one end of the wave frame 
near the oscillator and adjust by observing the tube plate current. 
At space resonance the energy absorption from the tube circuit 
was so marked that it could not fail of observation and would stop 
the oscillation when increased. For longer waves where more 
power was available a meter in the Lecher frame could be used for 
the rough setting and for the fine setting a sensitive thermocouple 
and micro-ammeter connected to a coil of several turns of wire 
could be used as a loosely coupled exploring unit to indicate 
maxima and minima on the frame while its length was being varied. 
Almost equally sensitive is a vacuum tube voltmeter with tube 
mounted in the handle holding the wire coil. If the experiment is 
one involving radiation, a Lecher frame in proximity to a sharply 
tuned receiving antenna and detector gives very distinct and ac- 

curate wavelength settings. 
The measurement of small inductances and capacities by 
means of Lecher frames has been mentioned. The theory, when 
М 


great accuracy is not required, is simple. Thus, suppose a T 
Lecher frame be cut off a distance X from the closed end, the 


À 
length of open line Po being rejected. Obviously, this frame 


will be again in resonance to the wavelength А if an impedance 
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equal to the effective impedance of the piece cut off is placed across 
the open end. The impedance of a short length of Lecher frame 


with open end is 


tanh тент 


and if we neglect the resistance and conductance of the frame 


== EHE 
i tan ovLo(- = tanovE0(-x) 


or as long as ra ST the impedance is capacitative. Hence, 


V s 
1 CU 


S. = 


= б = ле 
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" tan w vie - x) 
K=c(- X 


pee e e 
is the capacity necessary to reterminate the Lecher frame for space 


A 
resonance. For small values of (= — х) 


À 
K-e(-x) 
4 


A 
a very convenient expression. When X> T or the wave frame 


has been lengthened instead of shortened, K becomes negative 
and the impedance which will effectively retune the wave frame 
to a ^ length is an inductance. This is a particularly nest 


method of adjusting choke ciols for short wave work, as was 
experimentally verified. 
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A reservation was mentioned in connection with the two-meter 
oscillation obtained with the apparatus of Fig. 10, with reference 
to the frequency control. The frequency was readily adjusted 
to the required value on an ordinary percentage basis, but when 
a heterodyne reception with two oscillators was attempted it 
failed. Two meters is the equivalent of 150,000,000 cycles and 
1 k.c. is therefore only one part in 150,000 and a setting to this 
accuracy would be considered difficult under any circumstances. 
Here, with the tube elements themselves constituting the major 
part of the tuning capacities, the natural frequency variations were 
so pronounced that a heterodyne note did not exist; only a hiss 
could be heard as the oscillator frequencies passed through the 


Figure 17—Range 3.4-6.2 meters. 


region of synchronism. Later a beat was looked for at 3.6 meters, 
and this was successful. But the resulting note was extremely 
variable. Some of this variability was traced to the a-c. excitation 
of the power tube (full wave rectified alternating current on the 
plates and straight alternating current on the filaments) where 
the mechanical tractions set up inside the tube were apparently 
great enough to wobble the tube elements markedly. But also 
on battery excitation the frequency variation was considerable, 
and even when the coupling between the oscillators was sufficient 
to pull the frequency of one about, as the frequency of the other 
was varied, a clear note was difficult to obtain. Possibly, with 
great care, heterodyne reception will be feasible, but it will not be 
an engineering proposition without something like crystal control. 

A list of short wave vacuum tube oscillator references, 
which it is hoped is complete, is attached. 


SUMMARY 


An investigation of the short wave limit of vacuum tube 
oscillators of the normal type, where regeneration builds up 
oscillations in a resonant circuit, has indicated that the physical 
limits for ordinary commercial tubes lie between 3.5 and 1.5 meters, 
depending on the type of tube used. By means of a small special 
tube a wavelength of 1.05meters was reached. No frequency control 
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was left at this wavelength. With a small power tube not deviat- 
ing greatly from ordinary vacuum construction it was possible to 
operate at 3.5 meters with adequate frequency control, and it 
is concluded that the 3.5-5 meter range is available for technical 
purposes. Apparatus for measuring, wavelength is discussed to- 
gether with its application to the measurement of capacity and 
inductance. A bibliography of short wave vacuum tube oscillator 
work is attached. 
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DIRECTIONAL RADIATION WITH HORIZONTAL 
ANTENNAS* 


By 
A. MEISSNER 
In continuation of the investigation with horizontal antennas 


and reflectors! the attempt was made to concentrate the radiation 
energy by combining several antennas. If several horizontal 


Figure 1—Concentration of radiation in the horizontal plane. 


Figure 2—Concentration of radiation in the vertical plane. 


antennas are so arranged as to oscillate together in the same pha? 
radiation patterns are obtained as shown in Fig. 1. The radiati e 
angle as measured in the horizontal plane (angle determined DY 


* Original manuscript in German received by the Institute, july | 
1927. ‘Translated manuscript received by the Institute, August 22, 1 ° 
1 Jahrbuch für drahtlosen Tel. & Tel., Vol. 28, 1926, page 78. 
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half-amplitude of the radiation on both sides of the maximum) 
diminishes with increasing number of antennas in the ratio of 
72 deg.:42 deg.:32 deg. to 14 deg. for 1, 2, 4, and 8 half-wave 
radiators respectively. The equal phasing of the radiation is ob- 
tained by the use of a non-radiating half-wave system? (non- 
radiating loops, coils or combination of coils and condensers) 
connected between two adjacent antennas. The concentration of 
the radiation in the vertical plane (Fig. 2) is obtained by an 
arrangement of a parabolic reflector about the horizontal antennas. 


Figure 4 


The concentration of the beam is sharper the greater the ratio of 
the width of the opening of the parabola to the wavelength. The 
first reflector used was built of copper sheet and other reflector 
systems were compared with this “standard system.” It was found 
that the metal-sheet surface could be entirely replaced by wire 
with equally good results; the individual wires of the wire reflector 
being one-half wavelength long. 

With a beam concentrated in this way in both the horizontal 
and vertical planes, the determination of the optimum angle for 
the radiation from the transmitter was next attempted. In order to 
reduce the dimensions and the cost of the entire beam transmitting 
system as much as possible, the shortest possible wavelength was 
used at which reception over the distance 10,000 km. (South 

2 Franklin, British Patent. 


з Tatarinoff, Jahrbuch für drahtlosen Tel. & Tel., Vol. 28, 1926, page 
117. It seemed more suitable to deviate somewhat. from the parabola form. 
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America) could still be expected. According to computations and 
theories‘ no reception would in general be possible with 11 meters 
over greater distances, as according to theory the beam is bent 
away from the earth at such high frequencies. Contrary to theory, 
the investigation showed that not only did the wavelength of 11 
meters work extraordinarily well over great distances, but that 
this wave when horizontally polarized by reflectors was for the 
most part even the best for daylight transmission with South 
America. This showed that the wavelength range for short wave 
communication could be extended considerably downward. In 
connection with reception in South America, several interesting 


Figure 5 


things were noted. The reception on the wavelength of 11 meters 
was also possible during the period in which a part of the inter- 
vening path lay in darkness. Fig. 3 shows the time of reception; 
underneath, the period of daylight for the month of April (above 
for Nauen and below for Rio de Janeiro). The reception began 
usually about 10 o'clock Central European Time. The period 
from 13 to 15 o’clock is often one of uncertainty. From then 
until 21 o’clock reception is very good. It was further character- 
istic of 11-meter transmission that on certain days reception failed 
completely. The following values of audibility ratios were obtained 
in comparing transmission from the ll-meter transmitter АСК 
antenna energy less than 1 kw. and the 15-meter transmitter AGA, 
antenna energy 8 kw. (beam radiator with vertical polarization; 


* A. H. Taylor and E. O. Hulburt, Phys. Rev., Vol. 27, 1926, page 189. 
Lassen, Jahrbuch für Drahtlosen Tel. & Tel., Vol. 28, 1926, page 109. 
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8 parallel wires half a wavelength long and half a wavelength 
separation): | 


Date Time АСК (1 kw.) AGK (8 kw.) 
=11 m. =15 m. 

May 17, 1927 14—19 o'clock 1 2-6 
19-21 “ 1 1 

Мау 18, 1927 14—20: 30* 5 1 

Мау 19, 1927 14-19 “ 6 1 
19-20:30“ 2 : 1 

Мау 5, 1927 попе normal 


The transmitter AGK is, in other words, better than the trans- 
mitter AGA but at times fails completely. It appeared as if the 
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Figure 6—Signal strength for various reflector angles. 


latter was somehow connected with a depression approaching 
the transmitter. Should this be the case, that the influence of the 
lower atmosphere (up to 20 km.) is of significance, a high reflector 
angle (80 deg.-second optimum as shown later) may bring the 
signal back in again on such days that the signal with low reflector 
angle goes out completely. The investigation so far had only been 
carried out with a radiation angle of the reflectors of 38 deg. 
Reception on 11 meters shows comparatively less fading than 
on 15 meters. How much of this decrease in fading might be due t° 
using 500-cycle plate supply on the 11-meter transmitter is 00! 
known. Fig. 4 shows the beam reflector system which was used. 
The antenna consists of two half-wave sections connected by ? 
phase reversal coil. To this coil are connected the conductor 
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leading from the transmitter which is located 28 meters distant. 
The reflector is 11.5 meters long and 19 meters wide and rests on 
three supports 3.9 meters high. At the right in the figure are shown 
the two windlasses with which the reflector is turned. Two men, 
one on each windlass, can easily raise the reflector from 30 deg. 
to 90 deg. in four minutes. Fig. 5 shows the reflector in the 90 deg. 
position. (The transmitting arrangements were in charge of 
Mr. J. Pohl, while the reception observations were made by 
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Figure 7 —Signal strength for variation of reflector angle. 


Mr. А. Ellerbrock in Rio de Janeiro and later in Buenos Aires). 
As the reflector turned, observations in Rio de Janeiro indicated 
a maximum with the reflector at an angle of about 38 deg. A 
second maximum, usually 10 percent less, was observed at about 
80 deg. In between lay а deep minimum. Fig. 6 shows a few 
typical reception curves. The turning of the reflector took four 
minutes. While the first three curves show definite maxima, the 
last curve does not. This lack of definite maxima occurred in 
about 10 per cent of the observations. There was no difference 
between forenoon and afternoon. In Fig. 7 the mean value of the 
field intensity is plotted for the various angular settings. The in- 
vestigation was carried on in such a way that at first measure- 
ments were made for several days and mean values obtained for 
each setting of the reflector (mean value Fig. 6, Curve 2). Later 
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measurements were made for several days in which the reflector 
was rotated between 30 deg. and 90 deg. during each four minutes. 
(Mean value for three days, Fig.6, Curve1). Frequent comparisons 
were made with a simple vertical antenna (3/4 wavelength long). 
The vertical antenna was seldom heard and when it was heard, 
the intensity was only a fraction of that obtained from the re- 
flector (approximately 1/10). 

From these results one would assume that on:all other wave- 
lengths as well as on 11 meters, an optimum radiation angle 
exists for transmission in which space radiation plays a part. At 
present investigations are in progress to determine this angle for 
20 meters. 


MAKING NORMAL COORDINATES COINCIDE WITH 
THE MESHES OF AN ELECTRICAL NETWORK* 


By 
E. A. GuILLEMIN 
(Massachusetts Institute of Technology, Cambridge, Massachusetts) 


The theory of normal coordinates is perhaps best known and 
certainly most effectively interpreted physically in connection 
with a mechanical system of elastically-coupled mass points which 
carry out small oscillations about a point of equilibrium. Here. 
a normal coordinate is such a direction in space upon which the 
projection of the oscillation of any point of the system contains 
only one of the natural frequencies of the system. There are as 
many such normal coordinates as there are normal frequencies; 
and since these directions are in general neither normal to each 
other nor coincide with the axes of the fundamental frame of 
reference, each has projections upon all coordinates of the reference 
system. Mathematically this is evidenced by the fact that the 
component oscillation of any mass-point of the system upon any 
reference coordinate contains in general all of the natural frequen- 
cies of the system. Furthermore, we can easily visualize a process 
of rotation of the reference coordinates which will bring at least 
one of them to coincide with a normal direction or normal co-. 
ordinate. And when carried out mathematically, such a trans- 
formation will cause the normal frequency, belonging to the par- 
ticular normal coordinate in question, to be confined entirely to 
the reference coordinate which has been brought into coincidence. 
The projected oscillations upon the remaining reference coordinates 
then lack this normal frequency, i.e., it has been eliminated from 
the rest of our reference coordinates. 

In setting up the differential equations for the normal mode of 
oscillation of an electrical network, we find an exact mathe- 
matical analogy to those of a mechanical system having the same 
number of degrees of freedom. Hence, from a mathematical 
standpoint at least, there also exist in the electrical system certain 
normal coordinates. The physical interpretation of them is, how- 
ever, somewhat more puzzling than in the case of the mechanical 
system, and it is the object of this paper to point out in as direct a 
way as possible what, in the electrical network, is the equivalent 
of the normal coordinate of a mechanical system; and how it is 


* Original manuscript received by the Institute July 26, 1927. 
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possible, by properly fixing the circuit constants, to bring about 
coincidence with certain meshes of {һе network, thereby con- 
fining the corresponding natural frequencies to these meshes and 
eliminating them from the rest. 

We will begin with a brief review of the solution to the homo- 
geneous system of equations describing the free oscillations of an 
electrical network. If we number the meshes of our system from 
1 to n, and let Nii, pix, Ci; represent the total inductance, re- 
sistance, and elastance respectively present in mesh т, and further 
let — Nix, — Pik, —0 ;x represent the total inductance (here the alge- 
braic sum of mutual and common self-inductance), resistance and 
elastance respectively common to meshes т and k, then obviously 
the countervoltage in mesh k due to current 7, in it is given by: 


di, | | 
A ис, + pxktk Okk IE 


and the countervoltage induced into mesh k from mesh : will be 
given by: 


di, | | 
мк + pati tou fia. 


In order to bring the analogy to the equivalent mechanical system 
still closer, we define: 
Tk = f idt 


as the corresponding “mesh charge,” it being the equivalent of 
displacement in the mechanical sense just as electric current 18. 
the equivalent of velocity in the mechanical system. If we further 


use the abbreviation: 
2 


М a (1) 
Aik = a P 9 ik 


then the homogeneous system of simultaneous linear differential 
equations, which are an expression of Kirchoffs' e.m.f. law for the 
force-free network, become: 


Anli antz+ а, = 0 


ах - Qo232 d- Баз, = 0 (2) 

ал24 ant d- pis n + Annt,=0 

We assume as solutions, the normal functions: 
(3) 


Li = Y peP! 


E or d ee 0: РЕР чи 
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Substitution into (2) gives the algebraic system of condition 
equations: 


buYitbdieYst+ ББ, У, = 0 


БҮ, ба - pm cb Y.-0 (4) 
„У БУ Ж +banYn=0 
where: 
bir = Nip? Hpi p Hs ik (5) 


are now simple algebraic polynomials in p. If the conditions (4) 
can be satisfied in agreement with arbitrary initial conditions, 
then our assumed solution will be valid and useful. Obviously this 
eliminates the trivial solutions: 


Ү,= Үз = e.. =Y, ,=0. 


Before going on with the solution in the usual manner, let us give 
the conditions (4) a more definite interpretation. In the first place 
it will be noted that the electrical equivalent to a physical di- 
mension in the mechanical system is a mesh; and that the number 
of meshes in the electrical system is equivalent to the number of 
dimensions of the corresponding mechanical system. For the latter 
this number is limited to three in our actual space. In the electrical 
system, this number is physically unlimited—and fortunately 
mathematically also, the system (2) being written for an n- 
dimensional space. Now let us define the vector b, with the com- 


ponents: 
" bi, bis, ve fy bi. 


Similarly, the vector b; with components: 
ba, Бо, © © , Ban, 
and so-on down to a vector b, with the components: 
Ьл, ba, ++ + Ban, 
the Ь;'з being those defined by (5). Then if we consider: 
Yo YiéeeY. 


of equations (4) as components of a vector Y in our n-dimensional 
space, the condition equations (4) may be put in the vector form: 


(bi, Y) =0 
(b, Y)=0 (6) 
(bn, Y)=0 | 


938 = Guillemin: Making Normal Coordinates Coincide 


where the round parentheses indicate scalar product. But if the 
scalar product of two vectors vanishes, it means that these are 
orthogonal to each other. Hence we see that the conditions (4), 
or their equivalent (6), demand that the vector Y be determined 
in such a way as to be simultaneously orthogonal to the given system 
of vectors bi, b2,--- , bn, assuming for the moment that the p's 
are known. But the components of Y we know to be the transient 
mesh charge amplitudes corresponding to the natural angular 
velocity p which fixes the b;,;’s. Hence it is clear that the direction 
of our vector Y is the direction of the normal frequency. And we 
see at once that the condition equations (4) fix the directions of 
these normal coordinates. 

We have so far said nothing about the possibility of fulfilling 
these condition equations. We shall give this a physical interpreta- 
tion as well. Let us confine our argument for the moment to a three- 
dimensional problem so that the process of visualization becomes 
easier. Our coordinate axes are numbered 1, 2, 3 instead of being 
lettered z, y, z as is the usual case. Suppose then that the vectors 
b; all have three components different from zero and are linearly 
independent. 'The conditions (4) or (6) require us to find such a 
direction in space as will be simultaneously orthogonal to all three 
of these vectors b,. Obviously this is impossible, since all the 
available dimensions are consumed by the given system b. 
However, if the latter all lie in a plane, i.e., consume only two out of 
the available three dimensions, then the vector Y can be drawn 
normal to this plane to satisfy (4) or (6). And if the given system of 
vectors b; all lie along the same direction, two independent solutions 
to (4) are possible. In general, if the given system of vectors bi 
consume (n—m) of the n available dimensions, then there are m 
possible independent solutions to the system (4). The determi- 
nant of the system is then said to have the rank (n— m).` If we 
demand a unique solution to the system (4), and this is the case with 
our network problem, then the rank of the determinant 


bu ty Bin 
D(p) = |by · «+ Dap (7) 
bu EE Ban 


should be (x—1). This means that the determinant shall vanish, 
but that at least one of its first minors shall not vanish. The vanish- 
ing of the determinant: 


Р(р) =0 (8) 
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is the well-known determinantal equation which fixes the natural 
angular velocities p. 

The problem of making & normal coordinate coincide with one 
of the meshes of the given network is now clear. If for a given root 
p=p, of (8), an entire column in the determinant (7) vanishes, 
then obviously the normal coordinate will occupy the coordinate, 
i.e., mesh, thus vacated by the b,’s. Incidentally, if we make a 
column in (7) vanish, the corresponding row vanishes also due to 
the relation: 


bik = bri. 


To make a column vanish for one of the roots of (8) it is neces- 
sary that: 


bob; Баз = Ва; <- + bi, = ура (9) 


where a, B, · · · , y are any proportionality factors, not necessarily 
integers. For, expanding (7) by minors we have for instance for 
the first row: . 


D(p) = 6, Bi T biBig 4- o> $binBin (10) 
where the В; are the minors of b;,. But by (9) we have for 7=1: 
D(p) =bu{ В. +аВ+8В,з+ aes +7Bin}. (11) | 


The determinantal equation is factorable, and one of the natural 
frequencies is given by: 


11 =(). (12) 


It is this frequency which goes with the normal coordinate co- 
inciding with mesh one in this case. Similarly we could have made 
any other mesh a normal coordinate. Mesh one in the above case 
will be the only one in which the frequency given by (12) can be 
present. The transient solutions for the other meshes will con- 
tain only (n—1) terms. Obviously we can use this process to 
eliminate objectionable natural frequencies as will be shown later. 
In general, mesh k becomes a normal coordinate when: 


bik — obi (13) 


where the a;,’8 are any proportionability constants. If (13) is 
satisfied for all the b,,’s then all meshes become normal coordinates. 
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The determinantal equation for this case becomes: 


] oem эл 
| јат 1 ++ оз 
(р) = (bu bn - - - bnn) "^ [-0. (14) 
O31 eee 1 eee A3n 
Oni 1 
` Olik 
But: bi; = bkk, 
Aki 
so that (14) is equivalent to 
Ь;;=0. (14a) 


The entire network possesses only one natural frequency. 
Suppose we have a primary mesh (mesh No. 1), coupled to 
(n — 1) other meshes and fix the circuit constants so that: 


bik = оць. (15) 
The other meshes аге assumed not coupled to each other во that 
bi, = 0 for 15541. 
Then the determinantal equation becomes: 
Dir abr + *Ainbnn 


D(p)= |ba be 0- - 0 
ы eos а 
bi Os: + · Qin 
=(beobs33-- + bnn) ba 10- - - 0 |=0. (16) 
| ho 73] 
The roots are obtained from: 
ba 0; bas=0; -- · ban=05 (7) 
and: 
bu oa Qin 
ba 1- + 0 |=0. (18) 
MEEDE 


All meshes except mesh No. 1 are normal coordinates, and the 
frequencies given by (17) are confined to their respective meshes. 
Mesh No. 1 contains only the one frequency defined by (18), which 
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appears also in all the other meshes, since mesh No. 1 is the only 
one which is.not a normal coordinate. If we made mesh No. 1a 
normal coordinate also, the case would revert to the previous one, 
and all normal frequencies would coincide as given: by (14a). In 
our present case, however, we have present in the network m 
different natural frequencies, but (n — 1) of these are pigeon-holed 
in their respective normal meshes and cannot appear in the rest 
of the network in the form of free or transient oscillations. When 
the network is subjected to suddenly applied forces in all of the 
meshes, the transient current in mesh No. 1 will contain only one 
frequency, while those in the other meshes will contain this one 
and also their own normal frequency as given by (17). 

Ап interesting point in connection with the transient solution 
can be brought out if we consider а network where only one of the 
meshes, say mesh No. 1, is made a normal coordinate. The pair 
of conjugate complex roots, which define the one frequency in this 
normal coordinate, are given by: 


b = 0. 


Let us indicate this root by p=, and evaluate the corresponding 
transient current amplitude by Heaviside's formula. In the 
notation used in this paper, this formula becomes, for suddenly ap- 
plied d-c. voltages: 


йуу UE (19) 


Com 


where the summation is to extend over all the roots of: 
D(p)= 


the subscripts ik on the current indicate that the latter belongs 
to mesh т with the voltage impressed in mesh Ё or vice versa. 
Suppose we assume the voltage impressed in mesh No. 1. Then 
the one term of (19) for p =p, becomes: 


| . B p,t 
(211) pep, = к ' (20) 


C) 
dp р=рР\ 


But by the rule for differentiating determinants we have: 


dD " is db ы 
(=) = ( УК ma) -( Dik Bu2dup-+oa)) 
dp / pp, 1 ba dp / p=p, 1 p—Pi 
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But since for p=p, the first row and column of D(p) vanish, we 
see that: : 


Bü(m) = () for = 5], (21) 
so that: | 


ар 
(=>) = Bu(p)) - (2p +p), 
dp / pap, 
and substituting into (20) we get: 

(i ) Een! (2) 

j FOREN cR CEN 

din 2 ^upit eu 

which shows us that the amplitude of this normal oscillation, which 
is confined to mesh No. 1, depends only upon the constants 
of this mesh and not at all upon those of the rest cf the network. 
That the frequency given by p=p, is actually confined to mesh 
No. 1, is immediately evident from (21) and (19) and needs no 
further elaboration. 

Suppose now that we impress our voltage in any of the other 
meshes, and proceed to calculate the transient current amplitude 
for р=р, by formula (19). Here again, due to (21) we find that 
this amplitude vanishes, even for mesh No. 1. Hence we note the 
very interesting fact that, not only is the normal frequency p=) 
confined to the mesh which is its normal coordinate, but it will 
not come into action unless the actuating force is applied in that 
mesh. In the case where all meshes except one are normal coor- 
dinates, the transients in all meshes, due to a force applied in the 
non-normal mesh, contain only one term in spite of the fact that 
the whole network possesses n natural frequencies. In other words, 
& normal frequency which coincides with a mesh can only be 
actuated by a force applied in that mesh, and does not respond to 
disturbances which occur in the other meshes. Obviously the 
complexity of transients in complicated networks may be reduced 
considerably by making use of this fact. 

The point of chief interest which this analysis has in connection 
with steady state operation is the elimination or reduction of the 
number of resonance maxima when the network is subjected to 
sustained variable frequencies. In simple coupled radio circuits 
containing only two meshes, the double resonance peak in the 
secondary is an objectionable feature and gives rise to "broad" 
waves. By making the primary a normal coordinate, one of these 
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can be confined there, and the secondary will then contain only one 
resonance peak. Or by making both meshes normal coordinates, 
the network will contain only one frequency and hence only one 
resonance peak in primary or secondary. The second case would, 
however, be harder to maintain under variable conditions of sec- 
ondary tuning and radiation;—but preference here is merely а 
matter of design. | 


In general, if a steady state e.m.f. of the form: 
e(t) = Re| Ее!) (23) 


(where и may be real, imaginary, or complex, and Re denotes 
“real portion of”) is impressed in mesh k, the resulting steady state 
charge in mesh 7 is given by: 


EB (py)e"! 
ram ве t (24) 


and hence the corresponding mesh current is given by: 
EuB sae 
D(u) 


Again let mesh No. 1 become a normal coordinate, and let its 
normal frequency be represented by: 


aia Re} (25) 


P= —d+jJw (26) 


Then for 2 k —1, and u = јо we see that: 


E 
D(u) 
and hence it is apparent that mesh No. 1 resonates at this point. 


However, keeping the e.m.f. in mesh No. 1 and calculating the 
current in any other mesh we have: 


i for p;,—90, (27) 


iae Ref TE (28) 
D(u) 
But 
Batu) 0 
Е ls for p;,—9. B (29) 
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We can get at the behavior of this indeterminate form for large 
values of и by evaluating in the usual manner. For the denominator 
we have: 


^ Әр db, n 
| > ik “| =F ikB" -p 


т 90; dpalpik&o 1 
where the * indicates the limit for р;к=0. But again: 
В;.* =0 for 154541, 


so that the coefficient of the linear term in the Taylor expansion 
of the denominator becomes: 


Bu* “М. 
For the numerator we have: 


"e. OBa 4 OOO | 
rs = 5» rsB,u,- Ї 
| 1 Ób,, dp;, prs-—0 2, : M 2 


. where the prime on the sum indicates that the terms for r=i and 
з= 1 are to be omitted. But here we see that: 


B'a) =0 for r~1, 


. во that the corresponding Taylor coefficient becomes: . 
T. ж 
у зВ í it} ` Ms 
2 Is 
and our indeterminate (29) evaluates to: 
E 
sB i 
2B 


NE NEIN (29a) 
By* 


Here the denominator is two powers higher in и than the numera 
tor, and hence the factor (29) varies as 1/p? for large p. Hence 
it is clear that all meshes except No. 1 do not resonate to the 
normal frequency pı; and that for large values of the latter, the 
steady state oscillations in all but mesh No. 1 are very much sup- 
pressed. Mesh No. 1 tends to confine its normal frequency eve? n 
the steady state. 


T The minor В, i, is obtained from (и) by striking the rows? and f 


141 
and the columns k and s, and prefixing the sign ( — 1)?***r**, 
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If now we put the source of e.m.f. in any other mesh except 
No. 1 and try to feed the normal frequency y — jo into it, we have: 


is Rel wet 
Diu) 


But due to the symmetry of D(y), this is identical with (28), and 
hence we should arrive at (29a) again for the limit (29). In other 
words, it is just as hard to feed the resonance frequency into a 
normal mesh as it is to get it out of one. The normal mesh resonates 
to its own frequency only when the e.m.f. acts in it, and in that 
case tends to confine the oscillation there. 

Obviously many other interesting combinations of normal and 
non-normal meshes may be gotten up and investigated both in the 
transient and steady states. The results of such investigations are 
often both interesting from the purely theoretical standpoint, as 
well as useful from the practical. It is the hope of the writer that 
the principles involved have been made sufficiently clear so that 
the reader may carry out his own extensions of the idea by him- 
self. | 

SUMMARY 

The theory of normal coordinates in oscillatory systems is 
briefly reviewed, and their significance in connection with the 
electrical network pointed out. The relation which must hold 
between the circuit constants in order that normal coordinates 
may be made to coincide with certain meshes is derived. The 
effect of having made а certain mesh а normal coordinate of the 
system is then shown for the transient state, first, to confine the 
corresponding normal frequency to that mesh; secondly, to cause 
its amplitude to be independent of the other circuit constants; 
and, thirdly, to cause that normal frequency to remain inactive 
unless the actuating e.m.f. is impressed in that mesh. The effect 
so far as the steady state is concerned, is to confine resonance with 
the normal frequency in question to the normal mesh, and in 
general to present & means for eliminating or localizing resonance 
peaks in more complicated networks. 


VOLTAGE DETECTION COEFFICIENT* 
By 


Е. L. CHAFFEE 
(Cruft Laboratory, Harvard University) 


In a previous paper! it was shown that the current of modula- 
tion frequency which flows in the plate circuit of a triode detector 
is given by the expression 


A?L,i = (Det. 1) /2m(AE A): (1) 


In the above equation and those that follow the A sign indicates 
small but finite values. Bold-face type indicates complex quanti- 
ties. The subscript p refers to the plate of the triode, and the 
subscripts | and h refer to low or modulation and high or radio 
frequencies, respectively. ж is the degree of modulation and 
ДЕ, is the maximum value (indicated by the underscore) of the 
unmodulated radio voltage impressed in the grid circuit of the 
triode detector. The notation used here and in the previous paper 
is fully described in a paper entitled *Vacuum Tube Nomenclature" 
published in these Proceedings by the author.? 

The complex factor (Det. I), is defined as the total current 
detection coefficient, but reference to the previous paper shows that 
the value of (Det. I); depends not only upon the tube characteris- 
ties, but also upon the impedance of the particular plate load used 
during the measurement of (Det. Г). It is then not easy to deter- 
mine the detection coefficient if the tube 1s used with some other 
plate impedance. If, however, the plate current A?I,; be multi- 
plied by the total plate circuit impedance a voltage is obtained 
which is a fictitious voltage but which, although non-existent, may 
be used for the calculation of the plate current of modulation 
frequency when the particular plate load is known. It was sug- 
gested in the previous paper! that a voltage detection coefficient 
may be defined according to the relation 


ME, = (Det. E) r/2m(AE on)? (2) 


which is more fundamental and a better quantity in terms of 
which to express the detection obtained with a particular triode. 


* Original manuscript received by the Institute July 9, 1927. | 

Paper presented before the American Section, International Union of 
Scientific Radio-Telegraphy, April 21, 1927. 

t A Theoretical and Experimental Investigation of Detection for Small 
Signals by E. L. Chaffee and С.Н. Browning, I.R.E. Feb. 1927, Vol. 15, No.2. 

? Vacuum Tube Nomenclature by E. L. Chaffee. I. R.E. March, 1927, Vol. 
15, No 3. 
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It is convenient to think of (Det. E), as the fictitious voltage 
introduced into the plate circuit by a 70.7 о/о modulated signal 
of one-volt maximum amplitude if the detection followed the same 
law for so large a signal. It is probably better to consider one ten- 
thousandth of (Det. E), as the equivalent audio voltage in the 
plate circuit due to а 70. d o/o modulated signal of .01-volt maxi- 
mum amplitude. 

In the paper referred to above & method is given for measuring 
AT, from which, knowing m and (AE,,), the value of (Det. I), 
сап be calculated. The purpose of the present paper is to present 
& method of directly measuring ME; from which (Det. E), can 
be calculated. Some experimental results are here presented to 
show the application of the method. 


~ 
i 
e 


EU 
DL 
p u 


000000 


Figure 1 


The diagram of connections for measuring the fictitious voltage 


ЛЕ, is shown in Fig. 1. Tube T is the triode under test. T" is a 
small radio-frequency oscillator, the output of which is modulated 
by an external source of power at 1,000 cycles. The oscillator is 
preferably enclosed in a shield shown by the dotted rectangle 
surrounding 7' and its circuits. The oscillator has the oscillatory 
circuit connected to its grid. The plate circuit of the oscillator is 
regeneratively coupled to the oscillatory circuit through the mutual 
inductance M"'. The plate voltage of the oscillator is pulsating 
and is obtained by adding to the steady voltage Ёр’, the modulat- 
ing 1,000-cycle voltage Em. The condenser C’ serves only as а 
by-pass around the source E, for the high-frequency currents in 
the plate circuit. The modulated oscillatory current passes through 
a small four-terminal resistance R,, consisting of a short piece of 
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fine resistance wire on which are soldered the potential taps. The 
voltage drop across the two potential terminals 18 introduced into 
the grid circuit of the tube Т. Also in the grid circuit are the 
potential-changing means to provide polarizing potential E., and 
the grid condenser and resistance С,’ and R,’. The latter may be 
short-circuited when only plate-circuit rectification is considered. 

Rectification taking place in tube Т, in effect, introduces in the 
plate circuit а 1,000-cycle voltage A?E;. This voltage is opposed 
by an equal and opposite known voltage introduced into the 
plate circuit, balance being determined by silence in telephones 
connected to a two-stage amplifier. The known opposing voltage 
is obtained by passing through a variable resistance № and the coil 
L of the variable mutual inductance M a 1,000-cycle current 
derived from the modulating source Em. Ар air-core, closely- 
coupled transformer, having mutual inductance M’, is introduced 
and the circuit constants so adjusted that J,’ is in phase with En. 
To make possible any phase of the balancing voltage the current 
I,’ can be reversed by switch S, and M can be reversed by rotation 
of the secondary coil of M. 

The condition under which the current J,’ is in phase with the 
modulating voltage E, is simply stated below. Consider first, 
apart from the particular circuits of Fig. 1, a primary circuit 
which has a resistance R, and inductance L, coupled by a mutual 
inductance M to a secondary circuit having resistance Rz and in- 
ductance Le. Then the complex expression for the secondary current 
when an e.m.f. of E, volts is impressed in the primary circuit is 


; 3МоЕ, 
(Rit jw) (Rit jaw) +M? 
ЈМоЕ, 
(108 — 115024 M*o?) 30.1 ло) 


If the first bracket of the denominator is made equal to zero then 
the secondary current is in phase with the e.m.f. E, and given by the 
expression, 


(3) 


L- EM (4) 
Ry LO lil 
Placing the first bracket of the denominator of (3) equal to zero 


gives as the condition necessary for no phase difference between ^^! 


and 1,— 5 
RRe= List — Mw? or (5) 


nimy =1—т°? 


ы: iD аалы -—— m Жы 
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h 1 R: d M 
wnere =; = —— and T= —À 6 

ш Liw Б Lo VLL; 

Applying the above theory to the present case as given by the 
diagram of Fig. 1, the condition to be fulfilled in order that the 
current J,’ be in phase with E, is, by equation (5) 


(R -R,) (Re! + RS" +R) = Li'(La'4-L)o* М"? (6) 


The value of the secondary current J,’ is then obtained by applying 
equation (4) to the present case. 


M'Em 
Ti aeaa E eee == : 
"o (Ry! RU)! +L) + (Ra! + Ra! +R) LY (7) 


Figure 2 


Although the proper values of the resistances of the circuit 
can be determined by calculation, usually it is easier to determine 
their proper values by experiment as follows: Referring to Fig. 2, 
two resistances, №; and Rz’, are connected in series across Em 
and the junction between the two resistances is connected to the 
terminal of the amplifier which in Fig. 1 is shown connected to the 
plate battery Ев. Rs may conveniently be one-thousandth of 
Кз’. Then R;" and R,’’ can be so adjusted that with M equal to 
zero, balance is obtained with some value of R. The value of R 
gives the number of ohms which introduces into the plate circuit 


a voltage equal to EL um - It is usually desirable to make R?” 
R:+R;' 
about 10,000 ohms so that the variation of R in normal operation 
causes only a small percentage variation in the total secondary 
resistance. R is shown in the diagram аз a potentiometer on the 
high-dial end. In the experiments to be described E was a three- 
dial box having dials of tenths, units and tens of ohms. As just 
stated, the connections were changed so that all of the 10-ohm 
coils were in the secondary circuit, the switch arm being represented 
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by the arrow in the diagram. The total maximum change of 
resistance due to varying the two lower dials was then only 11 
ohms. 

Before measurements of detection coefficient can be made the 
oscillator T’ must be adjusted to give sinusoidal modulation. The 
oscillator is tested by short-circuiting the alternating voltage E. 
and reading J, for various values of Ев’. The value of coupling 
M” and the grid polarizing potential of the oscillator should be so 
chosen that the plot of J, against Fz’ is straight over a considerable 
range of Ев’, as shown in Fig. 3. A value of Ев’ is then chosen 
corresponding to a point about midway on the straight portion of 


Figure 3 


the plot. The peak value of E, ог Em is then chosen to vary the 
plate voltage over the straight line portion of the plot. The degree 


| ай. СЕ 
of modulation т is then given by the ratio —— - where ob, 85 
0 


indicated in Fig. 3, is equal to I,, the r.m.s. value of the unmodu- 
lated radio current, and ба is the minimum value of the г.08. 
radio current as it is modulated. It is assumed that the amplitude 
of the radio-frequency current changes as its plate voltage is varie 
at 1,000-cycles according to the plot of Fig. 3 which was obtained 
by a slow variation of plate voltage. 


The value of (А К) to be used in equation (2) is obviously 


Alien = VLR, (8) 
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where Г, is the value of the radio current when there is no modula- 
tion. When the modulating e.m.f. Em is superposed upon the steady 


T! 


plate-battery voltage E's’, the radio frequency current will in- 


m? 
crease to гуч", 


Some tests were made upon two tubes of the same size апа 
make, except one has an amplification factor of 8.5 and the other 
а u of 20. The low-amplification-factor tube corresponds to the 
type 201-A Radiotron. 

The constants of the circuits during the tests described in this 
communication are given below: 


Ев'= 45 volts M' =1.36 h. 

E m= 10 volts at 1000 cycles L;' 20.841 h. 
т= 0.51 Г.’ = 3.63 h. 
I,=74.7 milliamperes Р, =576. ohms 
R,=0.504 ohms ЕК, = 1490. ohms 

(AE) = 0.0533 volts R,” = 3310 ohms 


R” = 10000 ohms 
When calibrating the transformer by the method of Fig. 3 it was 


5 
found that 87.5 ohms in R balanced inus Sm Then 


5 


&k-— D утери 
1005 X87.5 „д 
—0.000568 / T? 3 M3? | (9) 
0.000568 
and Det, ES ———— —— ЕМ? 


V/2x0.51X0.0533* 


= 0.278% R*+ М ?о? 


The curves of Figs. 4 and 5 which exhibit observed points give 
the values of (Det. E) for plate-circuit rectification plotted against 
the grid polarizing potentials. The three curves of Fig. 4 are for the 
tube possessing an amplification factor of 8.5 and the two curves of 
Fig. 5 give the results for the high-u tube. The values of (Det. E) 
increase as the plate current, plotted against grid volts, approaches 
zero due to the increasing resistance of the tube. The curves end 
when the current has become so small that balance is indefinite. 

Not all of the audio voltage given by (Det. E) is available as 
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output voltage to act upon the next amplifier tube. The available 
fraction of (Det. E) is obtained by multiplying by the ratio 


V Ry Hr XS 
V (rg - Re)’ +X? 
reactance of the load in the plate circuit of the detector. It is appar- 
ent then that, given the curves of (Det. E) and of r, for a tube, 


the output voltage can be obtained for any plate load. If the 


R 
plate load has no reactance then the ratio becomes — o. The 
7+ № 


, where R, апа Хь аге the resistance and 


Figure 6 


three full-line curves of Figs. 4 and 5 were obtained by multiplying 
the curve of (Det. E) for 60 volts by the above fraction for three 
values of R» given on the curves. It is worthy of note that the 
values of k, for the two tubes at the grid voltage which gives 
maximum detection are not very different. The value of k, at 
— 7 volts for the low-u tube is 8.2 10-* mhos. and for the high-z 
tube at —3 volts is 9.91075 mhos. Examination of the curves 
shows that the high-u tube is the better detector when used to 
give plate-circuit rectification but in either case it is desirable to 
use & plate load of high impedance. 
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The curves of Figs. 6 and 7 which show the observed points give 
the values of (Det. E) for grid-circuit rectification, when the grid 
resistance is about 3 megohms and the grid condenser 200 micro- 
microfarads. Curves of Fig. 6 are for the low-u tube and those 
of Fig. 7 are for the high-u tube, both for & plate potential of 60 
volts. The curves are plotted against actual grid volts, but since 
the grid takes current when the grid voltage is positive there is & 
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Figure 7 


large voltage drop through the external grid resistance necessita- 
ting sometimes a very large applied polarizing potential Ё, to 
obtain even a slightly positive value of E,. The dotted curves of 
Figs. 6 and 7 give the relations between E, and E.. 

In the case of grid-circuit rectification there are two effects 
which operate to cause the actual available voltage output to be 
less than that given by (Det. E). In the first place only a certain 
fraction of the fictitious voltage acting in the plate circuit 1s avail- 
able as output voltage as explained in the case of plate-circuit 

х/ 2 ” 2 
rectification. Тһе ratio a reduced to apply 
V (rot ite)? + Хь?) 
to a pure resistance plate load for the two cases shown in Figs. 6 
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and 7, are plotted in Fig. 8. The full-line curves are for the low-u 
tube; the dotted curves apply to the high-4 tube. 

The second cause operating to reduce the output voltage in the 
case of grid-circuit rectification is the damping of the input oscilla- 
tory circuit due to the conduction between grid and filament. 
Let АЕ» be the radio voltage across the oscillatory circuit when 
there is no grid conduction as in plate-circuit rectification, and let 
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Figure 8 


ДЕ, be the radio voltage across the same circuit when the grid 


conductance is different from zero and equal to k,. The second 


AE os’ 


reducing factor is then ( 


2 
) . The ratio is squared because 
oh i 


detection varies as the square of the radio amplitude. It can be 
easily shown that this ratio has, to a sufficient accuracy, the value 
given in (10) below. 


AEN? " 2 1 2 
(2s )^( Lok ) | Do AR 
а 1+—— k, 


К 


2 
18 


‚ R oe | 
where 7 is the ratio p for the oscillatory circuit. The ratio 
d ч 


the equivalent resistance of the oscillatory circuit at resonance. 


956 Chaffee: Voltage Detection Coefficient 


Referring again to Figs. 6 and 7, the full-line curves marked A 
were obtained from the detection-coefficient curves by multi- 
plying by the product of the factor from equation (10) and the 
factor taken from Fig. 8 for the value of plate-load resistance Ry 
equal to five times the plate resistance r, of the tube at zero grid 


volts. The values of № in the two cases are, respectively, 60,000 
2 


L 
ohms and 100,000 ohms. For the two A-curves the value of 


was taken as 100,000 ohms. The two curves marked B in Figs. 
Lo? 


6 and 7 are similar to the A-curves except that the value of 


was chosen to be- 360,000 ohms. This value is a reasonable value 
because it corresponds to an 7 of 0.005, a value of L of 286 micro- 
henrys, and а wavelength of 300 meters. 

‘The enormous reduction in detection due to the factor of equa- 
tion (10) is apparent. No account is taken of the effect of regenera- 
tion if it exists either solely because of the capacity between grid 
and plate of the tube, or if regeneration is purposely provided. Of 
course the effect of regeneration is to increase the voltage across 
the oscillatory circuit due to an e.m.f. induced in the coil, but such 
regeneration is probably more effective in increasing the signal 
strength with plate-circuit rectification than with grid-circuit recti- 
fication, for in the latter case, although regeneration decreases n, 
the factor of equation (10) is at the same time reduced. However, 
it is well known that since regeneration in both types of detection 
can bring the system to the point of oscillating, the signal strength 
then should be approximately the same in both cases. This is 
borne out by experimental observation. | 

The presence of the grid conduction acting across the oscilla- 
tory circuit very much broadens the resonance curve to the 
sacrifice of selectivity. The difference in selectivity in the two 
cases with no regeneration is very apparent in actual practice. 
In fact, taking into account all of the considerations, it seems to the 
author that grid-circuit rectification has little to justify its use 
either from the point of view of sensitivity or from the stand-point 
of quality. 

Finally, it may be worth noting that the method of measure- 
ment outlined in the paper can easily be applied to the measure- 
ment of the voltages across a plate-load resistance or reactance, or 
across the secondary of a plate-circuit transformer, and in order 
to include the effects of damping of the oscillatory circuit by the 
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grid conductance and to include the effects of natural or purposed 
regeneration, the radio voltage could conveniently be introduced 
in series with the inductance of an oscillatory circuit connected in 
the grid circuit of the detector. These changes might seem more 
satisfactory because the tube would be used as in practice. Such 
measurements are not here given because they are less definitive 
of the tube itself, but depend upon the particular impedances used. 


SUMMARY 


The advantages of the use of voltage detection coefficient as a 
means of expressing the sensitivity of a detector and for the 
comparison of detectors are discussed. An experimental method 
is given for the measurement of the fictitious equivalent audio 
voltage which, if acting in the plate circuit of a detector, would 
give the demodulated audio plate current. Some experimental 
results are given for both plate-circuit detection and grid-circuit 
detection. The experimental results show that a high-u tube 
is usually more sensitive as a detector than a low-p tube. 


RADIO VISION* 
By 
C. FRANCIS JENKINS 
(Jenkins Laboratories, Washington, D. C.) 


In speaking to you this evening on the subject of the electrical 
transmission of pictorial representations, may I say that in 
our laboratory we have found it convenient and informative to 
use the words radiogram, radiophone, and radio vision when we 
speak of radio-carried service; and to say telegram, telephone, 
or television whem we speak of wire-carried service. 


Figure 1—Laboratory receiver for radio vision. The black box contains 
а neon gas lamp; the slotted lens-disc sweeps the light-image spot across 
the screen in lines while the overlapping prism-disk distributes the lines 
from top to bottom of the screen. 

The art of electrical picture-transmission is very old, relatively, 
for more than fifty years ago successful demonstrations were made 
in sending pictures by wire. 

And there have been many workers, too, but the attainment 
of each was given but passing notice until the stamp of approval 
was put thereon by the great laboratories of the Bell Telephone 
Company, when, in April last, they made their spectacular demon- 
stration between Washington and New York. This demonstration 
gave a great impetus to the development of electrical transmission 
of all kinds of pictorial representation. 

* Original manuscript received by the Institute, July 6, 1927. 


Presented before the Philadelphia Section of the Institute of Radio 
Engineers, June 24, 1927. . 
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In general there have been but two types of mechanisms em- 
ployed, the cylinder and the flat surface. The cylinder has been 
used most often in the transmission of still pictures. 

But obviously a flat receiving surface is the only possible type 
for radio vision and television, for the eye must seem to see the 
whole picture all the time, and that can only be done on a flat 
screen. 

However, whatever type of machine is used, the only method 
employed to the present time consists in a linear analysis of the 
picture, scene, or object, and the instantaneous synthesis of each 
line on a distantly located receiving surface. 


l'igure 2—The weather map ship’s receiver. The pen-box is moved across the 
base-map on the rotating cylinder by the screw, while the incoming radio 
signals touch the ink pen to the paper to build up the weather map. 


The lights and darks of each successive line are changed into 
electrical current of corresponding strengths, which, carried to 
distant receivers, is there changed back into like light intensities 
and assembled on a suitable surface, for example, a sheet of paper, 
a photo film, or a flat picture screen. 

It is quite evident that if this synthesis in the received picture 
is to result in an exact likeness to the transmitted subject, perfect 
synchronism of all receiving mechanisms with that of the trans- 
mitting mechanism must exist. | 

To attain synchronism, the synchronous motor is the sim- 
plest, but it is limited in application. 

Other synchronizing methodshave consisted of clock-controlled 
motors, where elapsed time is the standard against which all the 
motors were regulated. | 

Tuning forks for controlling the motors have been extensively 
employed, but this is but а modification, for it is only a smaller and 
more frequent division of time than the clock method. 
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Because pendulum clocks and most tuning forks soon stop when 
installed aboard a rolling ship in a rough sea, an oscillator, re- 
sembling the escapement of a ship’s chronometer, has been 
developed, and has been found quite a successful motor controller. 

A simple method of synchronizing consists in maintaining the 
speed of the motor constant with a governor, together with means 
for automatically setting the receiving cylinder at zero on the 
beginning of each revolution of the transmitter cylinder. 

We employed this method in the “three-cornered experiment” 
recently conducted by the U. S. Navy, the Weather Bureau, and 
the writer’s laboratory. 


Figure 3—Fork-controlled motor unit. The vibration of the free ends of the 
fork arms cuts out armature resistance to keep the motor up to a definite 
pe The fork continues to vibrate by reason of the current pulses in 
the electro-magnet between the fork arms. 

Each morning the Weather Bureau made up а weather map, 
gave it to us, and we put it on our transmitter in the Navy building, 
which was connected by wire to the radio broadcast transmitters 
at Arlington, Virginia. 

Weather map receivers were set up at certain land stations, 
and also on board the U. S. S. Trenton, and the U.S. S. Kittery. 
The latter made experimental cruises between Naval Operating 
Base at Tampton Roads and Caribbean Sea ports. 

This territory was chosen for its well-known static disturbances, 
coincident with hurricane-forming zones. And it was found that 
weather maps could be recorded on the receivers with certainty 
even when weather information could not be received by code. 
The Florida hurricane of September provided a severe test of the 
system, de 10nstrating its worth and dependability. 

While these “side-uses” are doubtless valuable, my premier 
ambition was radio vision, and so we do these other things only 
in “breathing spells” between attacks on the main problem. 
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Our first public demonstration of radio vision occurred on June 
13, 1925, when we showed in the laboratory in Washington, in the 
presence of Navy Secretary Wilbur, Admirals Taylor and Robin- 
son, and many others, what was happening at the time at the 
Naval Air Station at Anacostia, some miles distant. It was the 
first radio vision demonstration ever made, I believe, and quite 
an historical event to many of us. 


Figure 4—The simple mechanism by which motion pictures are transmitted. 
The rotation of the slotted lens-disk sweeps the image of each picture 
“frame” on the film across the light-sensitive cell in the box shown at the 
extreme right above the tubes. 

The possibilities of radio vision for home entertainment, and 
of television in business, have been told so repeatedly in the public 
press that I hardly need restate here the promises of views of 
distant inaugural ceremonies, flower festivals, and baby parades. 
Being technical men I rather think you are more interested in 
details of methods and mechanisms. 

As you know, the general scheme is to analyze the object or 
scene by a rotating scanning disk which in the transmitter permits 
the light reflected from the subject to fall on a light-sensitive cell, 
which, just as in still pictures, changes these light values into like 
current values; and which at the receiver permits light from a given 
source to be seen, directly or by reflection from a screen. 

Such a scanning disk was shown in a patent as early as 1884. 
It consisted of a disk with one-fiftieth of an inch (1/50 in.) holes 
therein, arranged in a spiral. 

The holes were an inch apart in the spiral, and the ends of the 
spiral had an inch offset; therefore, the contemplated picture was 
an inch square made up of fifty lines. 

The light intensity, as in a pin-hole camera, is limited to the 
amount which can pass through this minute aperture, that is, 
1/50 of 1/50, or only 1/2,500 part of the whole light. 
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To overcome this limitation it was proposed by a Frenchman 
that an arc lamp of high-intensity be focused on these minute 
apertures, after passing which the spot of light is swept across the 
subject by the rapid rotation of the scanning disk. I hardly think 


Figure 5—Strip device by which news сору, or like matter, can be transmitted 
by radio or by wire automatically as a continuous process. The over- 
lapping prismatic rings in rotation sweep each typewritten line across а 
light-sensitive cell as the message moves longitudinally. 


he expected to radio-transmit & baseball game by sweeping there- 
over a point of light from an arc lamp. 

We, in the laboratory, think that limiting the light by passing 
it through these apertures is not the best plan; the available light 
is too limited. So, to get а greater value of the light, we usually 
make the openings in the scanning disk 1-1/2 inches in diameter 
and put lenses over the openings; and get the required tiny light- 
spot by focusing the light-source as а tiny flying.spot on the 
receiving screen, to build up the moving picture. 

While we have made a variety of mechanisms, this has been а 
fundamental principle in all of them. 

Television would doubtless have been attained as early as the 
telephone if a suitable light-sensitive cell had been available for the 
transmitter, and an adequate light-source for the receiver. 

Such tools are available today, and marked progress has 
been made in recent months toward a radio vision receiver accept- 
able to the publie, and with the many hands and minds now en- 
gaged on the problem, I confidently believe its completion is the 
work of but a few months more. 
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In the transmitter we need more sensitive light-cells, or perhaps 


ter current output, a current 


giving grea 
output which will more dependably start the first tube of an 


I should say, light-cells 
amplifier. 


= 
т 


"€ 
* 
PN 
и: = 
s 
d е 1 
* 
» 
p 
. 


2. 
-- 
Р 


no? 


the weather maps as received aboard the U. S. S. Kittery. 
p is printed in brown and the isobars and other weather in- 
ceived thereon in red ink. 


formation received by radio is re 


Figure 6—One of 
The base ma 


With light reflected from outdoor objects, the potassium 


cell gives but a very small current, only a few microamperes. 


The present day potassium cells do not give current output 


but rather to the cell-surface 


ht intensity, 


18 


proportional to the 1 


covered by the light. 


Resistance cells act too slowly for the required speed of light- 


reaction, which is of the order of 250,000 per second. 


con 
^. 


( 


Digitized by М 


> 


р 

CO 

ro 
aN 


ы. 


O 


3 X 


964 Jenkins: Radio Vision 


Our problem in the receiver is a light-source more intense than 
the neon lamp, but having approximately its high-speed light- 
change. 

The other possibility is a steady light source and a light-valve 
between the source and the screen for modulating the light to build 
up the picture. 

For this purpose many have proposed a bisulphide cell through 
which polarized light is passed and controlled by a potential (the 
Kerr effect) or a current field (the Faraday effect), but this cell 
requires such a large energy change to produce any useful light 
change as to put it out of consideration. | 

Of course, we have our own proposed solutions, which I shall 
tell you about if they are successful. Radio vision for home enter- 
tainment will revive radio interest as nothing else will, for it 
combines the reach of the radio and the fascination of the story told 
in pantomime. 

SUMMARY 

To see by radio what is actually happening at a distant 
place is now an accomplished scientific attainment, though the 
mechanism is not yet a merchandising development. 

When it shall have reached that point of perfection, then 
one may sit in one's home and see inaugural ceremonies, base- 
ball, football, polo games, mardi gras, flower festivals, and 
baby parades. 

Radio vision is also experimentally combined with audible 
radio, and when these instruments are made generally available, 
then radio pictures and music and speech at the fireside, sent 
from distant world points, will be the daily source of news; the 
daily instructional class, and the evening entertainment; and 
equally the long day of the sick and the shut-ins will be more 
endurable, and life in the far places less lonely, for the flight of 
radio is not hindered by rain or storm, or snow blockades. 

The electrical transmission of still pictures of photographs, 
sketches, maps, and the like, is now an every day affair, 
applicable to newspaper illustration and other usefulness. 

But for the research worker it has lost its interest for him, 
it is too easy. To increase the speed of picture presentation ten 
thousand times, as required in radio movies, makes it: & sporting 
"proposition, and really worth while. 

The apparatus emplayed in transmitting pen-and-ink 
sketches, photographs, and movies by radio are all simple in 
construction, though modified to best suit each particular use. 


BOOK REVIEWS 


Radio Theory and Operating, By Mary TEXANNA Loomis. Loomis 
PUBLISHING Co., THIRD EDITION, 886 Pages with approxi- 
mately 700 illustrations, flexible covers. Price $3.50. 


| In the main this is a textbook for courses training students for 

commercial operating (although it might prove of value as a 
reference book for those engaged in other radio lines) and is written 
by the President of the Loomis Radio College. 

A short historical section gives details of the experiments of 
Dr. Mahlon Loomis, of Washington, D. C., in 1865 et seq., who 
devised what is claimed to be a practical wireless telegraph system 
and to whom later a patent was granted. While definite proof and 
details of the system are unavailable, still many of the ideas indi- 
cated in the diagrams and notes reproduced anticipated modern 
practice and it would seem that Dr. Loomis should occupy a more 
important place in radio history than has been heretofore accorded 
him. 

In common with many other textbooks it is used to best ad- 
vantage in connection with lectures, since many of the terms used 
in the first few chapters are not adequately explained until later. 
Many cases will be noted where the use of definitions apparently 
from dictionaries do not disclose the exact distinctions usually 
accorded the terms. 

A large number of inaccurate statements decrease the value of 
the book as a reference work. These are mainly confined to the 
first two hundred pages. These include such statements as: 
“A henry is defined as the energy which is induced by the cutting of 
one hundred million lines of force per second.” 

“A coil of high resistance wire passes all of the current in the 
circuit but consumes a portion of it in heat.” 

“The back e.m.f. due to inductance in a circuit is called 
reactance.” 

“These (referring to an illustration of a logarithmic condenser) 
are known as ‘Straight Line’ condensers, because when a graph 
is made of the capacity or of wavelengths in meters in a circuit in 
which they are used the ‘curve’ will be a straight line.” 

It is unusual that so many of these items should have survived 
to the third edition. 

On the other hand, the major portion of the book is devoted to 
detailed description of apparatus circuits and procedure in broad- 
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cast transmitting, commercial operating, amateur operating and 
receiving fields. Very little mathematical theory is included, but a 
number of useful tables are to be found. 

The book is excellent guide for studying for a commercial opera- 
` ting examination. Pertinent questions and problems appear in each 
section, and a complete index of 27 pages completes the book. 

R. R. BATCHER 


Properties and Testing of Magnetic Materials, By THOMAS 
SPOONER, McGnaAw-HiLL, 1927. Frrst Epirion, 385 Pages. 
Price $5.00. 


The author of this book has admirably succeeded in gathering 
and arranging in useful form the more important properties of 
commercial ferromagnetic materials, and modern methods of 
testing and inspection. The book is singularly free of the accumu- 
lated “deadwood” of the early years of magnetic investigation, and 
although intended primarily for the use of the engineer it will also 
find a useful place in the library of the research worker. 

GREENLEAF W. PICKARD 


DIGESTS OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY 


Issued September 20, to October 11, 1927 


By 
JOHN B. BRADY 


(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,642.688— FIXED CONDENSER—ALFRED MOSS, of New York, N. Y., Filed July 14, 1925, 
issued September 20, 1927. Assigned to Electrad, Inc. 

1,642,861 —ELECTRIC RELAY —L. B. TURNER, of Cambridge, England. Filed Feb. 13, 
1919, issued Sept. 20, 1927. Assigned to Westinghouse Electric & Manufacturing Co. 
1,643, 015—RADIO RECEIVING CIRCUITS— E. W. HOUSE, of Birmingham, Alabama. 

Filed August 27, 1925, issued Sept. 20, 1927. 

1,9643,323— DIRECTIVE ANTENNA ARRAY—JOHN STONE STONE of San Diego, 
Calif. Filed Jan. 4, 1921, issued Sept. 27, 1927. Assigned to American Telephone and 
Telegraph Co. 

1,643.781—RADIO SENDING SYSTEM—DONALD G. LITTLE of Wilkinsburg, Pa., 
Filed Jan. 8, 1924, issued Sept. 27, 1927. Assigned to Westinghouse Electric & Mfg. Co. 

1,643,782—DEVICE FOR ALTERING THE WAVE LENGTH—SIEGMUND LOEWE, 
Berlin, Germany. Filed Sept. 2, 1921, issued Sept. 27, 1927. Assigned to Westinghouse 
Electric & Mfg. Co. 

1 oo 242—CONDENSER—H. P. DONLE, Meriden, Conn. Filed Sept. 22, 1923, issued Oct. 

, 1927. Assigned to The Connecticut Telephone & Electric Co., Inc. 

1, P 266—ANTENNA CONSTRUCTION—FREEMAN ORNE, Dubuque, Iowa. Filed 
Dec. 21, 1925, issued Oct. 4, 1927. 

1,644,601—VACUUM DISCHARGE TUBE—A. P. HANS-GERD NICKEL, Charlot- 
Td and JOHANNES J. SPAN NIER, Berlin, Germany. Filed Feb. 24, 1927, issued 

ct 

1,644, 744—ELECTRON TUBE—H. M. PINGEN, of Toledo, Ohio. Filed March 21, 1922, 
issued Oct. 11, 1927. 

1,644,70906—A MPLIFYING AND DETECTING TUBE—H. P. STUART, of Seattle, Wash- 
ington. Filed March 27, 1926, issued Oct. 11, 1927. 

1,644,906—FRAME AERIAL AND THE LIKE—P. W. WILLANS, of Pattishall, Tow- 
cester, England. Filed April 5, 1926, issued Oct. 11, 1927. 

1,645,280—PHOTOELECTRIC CELL—T. R. GOLDSBOROUGH, of Wilkinsburg and 
OTTO H. ESCHHOLZ, of Pittsburgh, Pa. Filed Sept, 28, 1926, issued Oct. 11, 1927. 
Assigned to Westinghouse Electric & Mfg. Co. 

1,645,291—POLYPHASE PLATE CIRCUIT EXCITATION SYSTEM—A. NYMAN, 
Swissvale, and FRANK CONRAD, of Pittsburgh, Pa. Filed August 18, 1921, issued 
Oct. 11, 1927. Assigned to Westinghouse Electric & Mfg. Co. 

1,641,749—VARIABLE CONDENSER-—JACOB M. ENDERS., Schenectady, N. Y. Filed 
Sept. 22, 1923, issued Sept. 6, 1027. Assigned to General Electric Company. 

1,645,462—INSULATED SUPPORTS FOR INDUCTANCE COILS—LOUIS STEINBER- 
GER of Brooklyn, N. Y., and GUY HILL, of Washington, D. C. Filed Dec. 11, 1922, 
issued Oct. 11, 1927. Assigned to Wired Radio, Inc. 

1,645,231 —ELECTROMAGNETIC SOUND REPRODUCERS—FREDERICK DIET- 
RICH of N. Y. and WILLIAM H. GERNS of East Orange, N. J. Filed March 5, 1926, 
issued Oct. 11, 1927. Assigned to Brandes Laboratories, Inc. 
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED 


Connecticut, 
New York, 


Pennsylvania, 


Michigan, 
New Zealand, 


New York, 
England, 
New Zealand, 


Arkansas, 
California, 


Connecticut, 
Dist. Columbia, 


Florida, 
Illinois, 


Indiana, 
Iowa 
Kentucky, 


Louisiana, 
Massachusetts, 


Michigan, 
Minnesota, 


Missouri, 
New Jersey, 


New York, 


OCTOBER 5, 1927 


Transferred to the Fellow grade 


Middletown « . 66 oi cebu ioe ea аа Cady, W.G. 

New York Сиу........................... Grebe, A. H. 

New York City oc. оен cob eve bien Whittemore, L. E. 

Х%ҮШшїпвбиг.............................. Batsel, М. С. 
Transferred to the Member grade 

Wyandotte... ... 0... ccc cc ee rre Morris, Carlton D. 

Auckland... Secs ose EL eases EY XX GA Taylor, Conway 

Elected to the Member grade 

New York Сиу...................... TENE Grinan, John F. 

СатЬЫг!Чдде............................... Moulli . B. 

Auckland. iin оа анан EARS SONA Salt, G. 'М‹В. 


Elected to the Associate grade 


Little Rock, 316 Louisiana St............... Williams, Joe 
Artesia, 438 N. Main St.................... Corcoran, Edward M. 
Berkeley, 2529 Channing Way.............. Morgan, Howard K 
Los Angeles, 817 So. Parkview St............ Korntved, George W. 
Los Angeles, 207 So. Broadway............. Nickels, Eugene E. 
Oakland, 2417 25th Avenue................. Evans, George S. 
Santa Barbara, 22 E. Valerie St............. Means, Paul S. 
Santa Barbara, 1200 Anacapa St............. Sawyer, Gordon E. 
San Diego, USS S-44, c/o Postmaster........ Wilcox, Nathan 
San Francisco, 30 Corona St................ Morris, John F. 
Bridgeport, 838 Park Avenue............... Gould, Leslie 
Hartford, 29 Hartland 8t................... Kiley, Edward C. 
8. Norwalk, 91 N. Main St.................. ason, Charles 
Washington, Navy Department............. Cooper, Orville T. 
Washington, 1628 Riggs Place, N. W......... Kris, Joseph 
Washington, 226-8th Street, S. E............ Page, Robert M 
Jacksonville, 2144 Rosselle St............... Winter, E. M. 
Chicago, 950 Edgecomb Place............... Allen, Justus 
Chicago, 6353 Yale Ауепце................. Beasley, Chas., Jr 
Chicago, 510 Deming Place................. Walter, V. W. 
Fort Wayne, 314 Arcadia Ct................ Schryver, Henry А. 
Indianapolis, 1510 N. New Jersey St......... Ashlock, H. D. 
Cedar Rapids, 1834 Mollary St. West........ Reschetrits, Hans. 
Newport, 520 East Second St............... Kolo, R. E. 

New Orleans, 1525 Eighth St................ Teunisson, John F. 
Boston, 316 Huntington Avenue. ........... Gray, Alfred R. 
Cambridge, 4 Andover Hall, Harvard........ Myers, G. B. 

N. Cambridge, 16 Allen Street .............. . Gayne, Clifton 
Newtonville, 258 Linwood Avenue........... Stark, Eldon E. 
Flint, 10324 Ann Arbor St.................- Forbey, Wm. D. 
НЕРИР И Jarstad, Е. О. 
Кагһаш&.................................Сагпеу, Philip С. 
ХУавеса.................................. Johnson, Edgar F 
St. Louis, 4531 Emerson St................. Zehr, Nicholas J 
Boonton, Radio Frequency Labs............. Haas, John G. 
Bound Brook, Station WJZ................- Hagmann, Niklaus 
Bound Brook, Station WJZ................. Lindstrom, A. J. 
Cliff wood, c/o Bell Telephone Labs........... Lo , L. R. 
Elizabeth, 215 Inslee Р1асе................. Walsh Lincoln 
Fort Monmouth, 51st Signal Battalion....... Zimmerman, р 
Newark, 137 Fourth St....:................ Schiffenhaus, D 

V incland, 420 Elmer 5%..................... Himes, Walter L. 
Albany, 350 Second Ауе.................... Posefaly Leonard 
Brooklyn, 704 New Jersey Ave.............-. Ostrove, Wm, 
Brooklyn, 773 Willoughby Ave.............. Kaplan, H. 
Buffalo, 1285 Jefferson Ауе................. Barker, C. ні 
Buffalo, 95 Densmore Strect............eee. Baumann, N. C. 
Buffalo, 356 №. Ogden (гее&............... Goets, Otto 
Buffalo, 18 Carmel НоаЧ................... Hayslett, L. E. 
Buftalo, 215 Mulberry 5%................... Knowlton, E.W. 
Buffalo, 233 Sanders Ноай.................. Lawrence, A. P. 
Buffalo, 274 Delaware Ауо................. March, Philip 
Buffalo, 25 Gelston б%...................... Miller, Jobn G. 
Buffalo, 236 Barton ХЕ... Miller, Theodore 
Buffalo, 42 Chatham Avenue............... Schelling, R. F. 
Buffalo, 474 Carlton Strcet.............lsn. Strauss, John B. 
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Ohio, 


Pennsylvania, 


Texas, 


Utah, 
Virginia, 
Washington, 
Australia, 


Canada, 


England, 
Japan, 
California, 


Connecticut, 
Idaho, 


Massachusetts, 


New York, 


Geographical Location of Members Elected October 5, 1927 


Buffalo, 38 Auchinvole Ave................. Voll, Harry 
Buffalo, 179 Royal Ауе..................... Watson, J. А. 
Hollis, L. m оо 90th Ауе............... Caputo, N. J. 
Jamaica, L 8 George Street.............. McCord, Orison 
Maspette, L i 2573 Mymaud Place........ Bennett, Jack 
New York City, 1416 Nelson Ave............ Alderman, L. T 
New York City, 531 West 37th St........... Berry, James 
New York City, Van Cortland Park So....... Bunting, Т.В. 
New York City, 241 West 108th St.......... Horowits, Saul 
New York City, 600 West 144th St.......... Leach, H. B. 
New York City, 80 Cortland St............. Schechter, Jack 
New York City, 144 West 72d St............ Van Blaricom, M. 
North Tonowanda, 84 Allen St.............. Schurr, Wm. 
Port еншш га, L. I., 69 Summet Road.....Hafner, С. M. 
Riverhead, L. I., Box Bro NI PARTIE Keary, H. F. 
Schenectady, General Electric Co............ Coombs, С. Е. 
Schenectady, General Electric Co............ Hargrave, W. А. 
Schenectady, 209 Seward Place.............. Tittle, Н. C. 
Woodside, 3740 65th 8%..................... Bell, L. J 
Yonkers, 579 Van Cortlandt and Park Ave....Craig, A. G 
Alliance, 158 W. Cambridge St.............. Dinger, H. E 
Cincinnati, 234 West Fourth St.............. Dixon, C 
Bellevue, 233 South Starr Ауе............... Donbar, C. F. 
Cresson, 301 Columbus Ave................. Meckley, R. C. 
Edgewood, 100 W. Hutchinson Ave.......... Haak, Arthur 
Lester, 3d Ave. and Pontiac St.............. Causse, R. D. 
Philadelphia, 1312 Arch 56.................. Stoudt, J. D. 
Philadelphia, 511 W. King St................Trump, Wm. H. 
Pittsburgh, 1114 Gladys Ave................ Clark, С. М. 
У/аупевбиг@.............................. Каррев, A. J. 
Wilkinsburg, 1117 Wallace Ave.............. Greis, W. 
Wilkinsburg, 193 Meade 5%................. Henderson, Roy 
Dallas, 1610 Commerce Street. ............. Sternberg, F. B 


Galveston, 1917 22nd Street................ 
San Antonio, 206 Laurel Heights Place....... 


Hughes, K. E. 
McShane, J. B. 


Murray, Box No. 48, К. D. No. 4........... Smith, Edwin 
Petersburg, 617 Union Ауе.................. Carr, R. J. 
Seattle, USS Jason, c/o Postmaster........... Hurwits, S. B. 
Melbourne, 44 Elizabeth St................. Grace, А. 
Victoria, 6 Esplanade Ave. Brighton Beach. . . Melhuish, C. A. 
Toronto, 217 Bowood Ave............. een Hill, A 


Ontario, 9 Gloucester 5{.................... 
Ontario, 805 Davenport Road............... 


Mc Aleaney, H. 
Parsons, J. B. 


Nr. Rugby, Сазвоп....................... Williams, Frank 
Middlesex, Northolt, Uscbridge............. Jamieson, J. R. 
Tokyo, Nippon Broadcasting Bldg........... Ueno, Shuzo 
Elected to Junior grade 
Artesia, 438 N. Main $%.................... Corcoran, George 
Bridgeport, Sylvan Ауе.................... Ivanko, J. G. 
Sandpoint, 422 Antone Street............... Johnson, O. E. 
East Pepperell, К. Е. D. No. 1.............. Hills, E. K. 
Buffalo, 145 High ©{гее%.................... Hoffman, Joseph 
Buffalo, 523 Massachusetts Ave............. Hyman, Irving 


New York City, 600 W. 187th St............ 
Rochester, 356 Seneca Parkway............. 
Rochester, 148 Colonial Кова............... 


Kambourian, Haig 
De Witt, Wm. H. 
Nelson, Edward 
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INSTITUTE ACTIVITIES 
NOVEMBER MEETING OF THE BOARD OF DIRECTION 


On November 2nd the regular monthly meeting of the Board 
of Direction was held in the Offices of the Institute. The following 
were present: Ralph Bown, President; A. N. Goldsmith, Secretary; 
Melville Eastham, Treasurer; J. H. Dellinger, L. A. Hazeltine, 
R. A. Heising, J. V. L. Hogan, R. Н. Manson, R. H. Marriott 
and J. M. Clayton, Assistant Secretary. 

E. H. Armstrong was transferred to the grade of Fellow in the 
Institute. The following were transferred to the grade of Member: 
Wm. C. Ballard, Charles T. Burke, K. W. Jarvis, Charles E. Strong, 
W.G. Lush, and George T. Royden. The following were elected to 
the grade of Member: R. F. Durrant, Philip E. Glover and H. L. 
Roosevelt. 

One hundred and twenty-seven Associate and eleven Junior 
members were elected. | 


1928 CONVENTION PLANS 


The 1928 Convention of the Institute is to be held on January 
9, 10, and 11. The program is to include the annual meeting of the 
Institute, reports of officers, installation of new officers, presenta- 
tion of the Liebmann Memorial Prize, a series of technical sessions, 
inspection trips to a number of interesting places around New York 
and a dinner-dance on the last evening. 

The Committees are actively at work on plans for the Con- 
vention. The membership of the Committee is as follows: 

Convention Committee, Douglas Rigney, Chairman; J. V. L. 
Hogan, R. Н. Marriott, G. С. Furness, К. Н. Ranger, апа W.G. H. 
Finch. Technical Sessions Committee: R. Н. Marriott, Chairman; 
L. A. Hazeltine, A. A. Oswald, Paul Weeks, F. H. Kroger, Carl 
Dreher, Willis K. Wing, and A. Bailey. Trips Committee: R. H. 
Ranger, Chairman; O. B. Hanson, H. F. Dart, L. M. Clement, 
J. L. Reynolds, and N. Levinson. Dinner and Entertainment 
Committee: G. C. Furness, Chairman; G. W. Johnstone, Fulton 
Cutting, W. G. H. Finch, W. Wilson, H. T. Melhuish, and H. B. 
Coxhead. Publicity Committee: W. G. H. Finch, Chairman; 
D. G. Casem, O. E. Dunlap, F. J. F. Maher, Lloyd Jacquet, 
L. M. Cockaday, W. K. Wing, H. Gernsbach, L. W. Hatry, 
R. F. Yates, U. B. Ross, F. Ehlert, Austin Lescarboura, E.H. 


Hansen, J. G. Uzmann. 
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A War MEMORIAL TO ENGINEERS 


No memorial has been created for American engincers who gave 
their lives in service outside this country during the world war, 
although nine years have passed since the Armistice. A unique 
opportunity for establishing a beautiful and acceptable memonal 
was found last June by the delegate sent to the five hundredth 
anniversary of the University of Louvain by the American 
Societies of Mechanical, Civil, Mining and Metallurgical, and 
Electrical Engineers. These Societies have accepted the op- 
portunity and are initiating the plan of action. The Institute of 
Radio Engineers has been invited to participate. 

The ancient library of Louvain was destroyed at the outbreak 
of the war. A beautiful new building is being erected with funds 
given wholly by Amcricans—almost a million of them—school 
children and teachers, college students and professors, policemen 
and firemen, and persons from all walks of life. 

The new library has a fine tower in which space has been al- 
lotted for a clock and a carillon, but the clock and the carillon are 
the only items for which funds have not been provided. The 
privilege of giving them as a war memorial was secured for 
engineers in the United States. It is planned to have them ready 
for operation at the dedication of the building next May or June. 
Names of the engineers to be memorialized will be inscribed on 
tablets to be placed in the tower. 

The Societies which have undertaken the project desire that 
the memorial shall embrace all American engineers who made the 
supreme sacrifice overseas, without limit to society membership, 
and that all American Engineers who сап be reached may have 
the privilege of participating in this memorial. Contributions 
of five dollars or more are being requested, but any amounts 
which donors feel able to contribute will be quite acceptable. The 
names of all eontributors, without mention of amounts, will be 
recorded in a handsome memorial volume to be deposited in the 
new Library. 

Every dollar given will go into the memorial. Expenses are 
being provided for separately. À fund of $80,000 is needed to pay 
for the clock with four dials, the three-octave carillon with thirty- 
six bells, and to provide a sufficient fund for perpetual operation 
and maintenance. Contributions will be treated as a joint fund 
for all societies. The memorial will be given to the University of 
Louvain in the names of the participating socicties. 
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The Institute of Radio Engineers thinks that this is a very 
worthy project and feels that each member of the Institute will 
desire to contribute to the fund. 

Contributions should be made payable to the Committee on 
War Memorial to American Engineers, and should be sent to the 
Institute's office with the form found on page xxiii of this issue of 
the PROCEEDINGS. 

In order to complete the records of the Institute, it will be 
appreciated if each member will advise the Institute of the names 
of any members who died ''over there" during the war. Space is 
provided on the form on page xxiii for inclusion of these names. 

All contributions must reach the Institute before February 1, 
1928. 


RALPH Bown, FIFTEENTH PRESIDENT OF THE INSTITUTE 


Dr. Bown was born February 22, 1891 at Fairport, N. Y. 
After graduating from Fairport High School he went to Cornell 
University, where he obtained the M.E. degree in 1913. Following 
this he spent four years in the Department of Physics at Cornell 
as an instructor and graduate student, receiving the M.M.E. in 
1915 and Ph. D. in 1917. During this period he became interested 
in radio and carried out some investigations on vacuum tube 
detectors. Going into the Army Signal Corps, Radio Division, 
first as a Lieutenant, he was in a few months promoted to Captain 
and became officer in charge of the radio development work at the 
Signal Corps Radio Laboratories at Camp Alfred Vail, N. J. 

Upon discharge from the Army he became a member of the 
Department of Development and Research of the American 
Telephone and Telegraph Company and has been engaged in the 
various radio development activities of that company. One of his 
main interests has been endeavoring to develop the transmission 
side of radio engineering in a quantitative way. Together with his 
associates he has published a number of papers on various aspects 
of this work in connection with broadcasting and trans-Atlantic 
telephony. | 

Dr. Bown is a member of various scientific societies. He 1s a 
Fellow of the Institute of Radio Engincers and in 1925 was the 
chairman of its Committee on Standardization, in 1926 becoming 
vice-president of the Institute. 

In 1919 he was married to Alma Crawford of Freehold, New 
Jersey. They have two sons. Dr. Bown's residence is at 85 Pine 
Street, Maplewood, N. J. 
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Institute Meetings 


New Yonk MEETING 


On the evening of November 2nd a paper by H. A. Wheeler 
on “Automatic Volume Control for Radio Receiving Sets" was 
presented to the New York meeting of the Institute by Mr. 
Wheeler. The meeting was held in the Engineering Societies 
Building. 

In the discussion which followed the paper the following took 
part: G. W. Pickard, Lewis M. Hull, Edmund Bruce, H. A. 
Wheeler, L. A. Hazcltine, R. Н. Marriott, А. N. Goldsmith, 
Ralph Batcher, Ralph Bown, and L. W. Hatry. 


CANADIAN SECTION 


At a meeting of the Canadian Section, held on October 5th 
in Room 23, Electrical Building, University of Toronto, W. R. 
MeLachlan delivered а paper on ''Broadeasting the Second 
Wrigley Marathon." 

C. I. Soucy delivered the second of the series of Junior Lectures, 
the subject being 'Condensers." 

The attendance at this meeting was sixty. 

On November 2nd a meeting of the Canadian Section was held 
in the Electrical Building, University of Toronto. C. T. Burke 
of the General Radio Company delivered a paper on “Кайо 
Frequency Measurements." 

Messrs. Price, Soucy, Smith, Hepburn and others took part 
in the discussion. 

A. M. Patience delivered the third of the series of Junior 
Lectures entitled “The Oscillatory Circuit." 

There were eighty-four persons in attendance. 

The next meeting of the Section will be held on December 7th 
in the Electrical Building of the University of Toronto. 


CHICAGO SECTION 


A meeting of the Chicago Section was held on October 28th 
in the Monadnock Building. Montford Morrison presented L 
paper on ‘‘Methods of Reducing the Effects of Atmospheric 
Disturbanees." Messrs. Minium, Harper, Wilcox and Henry 
discussed the paper. 
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CLEVELAND SECTION 


At a meeting of the Cleveland Section held on November 4, 
1927 in the Case School of Applied Science, Cleveland, Dr. Ralph 
-Bown delivered a paper entitled '""Trans-Atlantic Telephony." 

A general discussion followed the presentation of the paper. 

The attendance at this meeting was sixty-four. 

There will be another meeting of the Cleveland Section on De- 
cember 2nd. 

CoNNECTICUT VALLEY SECTION 


On October 28th Dr. Ralph Bown delivered a talk on ‘‘Trans- 
Atlantic Telephony" before the Connecticut Valley Section of the 
Institute. The meeting was held in the assembly hall of the 
Traveler's Insurance Company, Hartford, Connecticut. 

А general discussion followed the presentation of the talk. 

Following the meeting, the members of the Institute in at- 
tendance (one hundred) visited the Travelers’ Broadcasting 
Station WTIC. | 

DETROIT SECTION 


A meeting of the Detroit Section was held in the Conference 
Room, Detroit News Building, on October 21st. Professor Joseph 
Cannon of the University of Michigan delivered 2 paper on 
"Electric Filters." 

There were forty-four members of the Section present. 


PHILADELPHIA SECTION 


On October 28th а meeting of the Philadelphia Section was 
held in the Bartol Laboratories. C. Brown Hyatt delivered a paper 
entitled "Development and Application of Socket Power." Messrs. 
Nadick, Snyder, Tindell, Eaton, and Darlington discussed the 
paper. 

There were fifty members of the Section present. 


Committee Work 
SuB-COMMITTEE ON POWER SUPPLY 


The Sub-Committee on Power Supply, of the Institute’s 
Committee on Standardization, held а meeting at Institute Head- 
quarters on November 3rd. Further progress was made on the 
proposed standard methods of ripple measurement and of measur- 
ing inductance of iron core inductors. Methods which have been 
developed and tried in some of the largest radio laboratories are be- 
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ing scrutinized and tested by the committee members in an effort 
to reduce them to the simplest and most practical terms. 

A list of terms and definitions applying to socket power units, 
rectifiers and filter systems was approved by unanimous vote of 
the committee for recommendation as new Institute standards. 


SUB-COMMITTEE ON RECEIVING SETS 


A meeting of the Institute’s Sub-Committee on Receiving 
Sets was held in New York on November Ist. Those present were: 
Dr. J. H. Dellinger, Chairman; E. E. Hiler, Professor L. A. 
Hazeltine, Professor C. A. Wright, W. A. Diehl, 1. G. Maloff, 
L. C. F. Horle, Mr. Moore (representing V. M. Graham), E. T. 
Dickey (representing A. F. Van Dyck), W. M. Kirshbaum (repre- 
senting M. C. Batsel) and M. Ferris (representing L. M. Hull). 

The subcommittee considered the preliminary draft of its 
report as given in the printed pamphlet of May 20. Sections A, B, 
and C were approved with minor modifications. It was determined 
to add to Section D3 an alternative means of measuring field in- 
tensity by introducing voltage in a resistance in series with the 
antenna. It was also agreed to add a Section E, ‘Test Procedures." 
This Section is to give the details of procedure in carrying out the 
tests of sensitivity, selectivity, and fidelity. A Section F, to contain 
an improved bibliography, is also to be added. Subcommittees 
were appointed to prepare the additional material mentioned, 
and also to begin the drafting of test outlines of such additional 
set characteristics as distortion, radiation, and noise level. 


A. E. S. C. Sectional Committee on Radio 
TECHNICAL COMMITTEE ON VACUUM TUBES 


A meeting of this technical committee was held on November 
2nd. Those present were: Dr. J. Н. Dellinger, Chairman; Mr. W.C. 
White, Dr. M.J. Kelly, Dr. C.H. Sharp, Lieut. Comdr. W.J. Ruble 
and Mr. Stinchfield (representing R. M. Wise). 

The Committee considered the standards previously recom- 
mended to the Sectional Committee on Radio. These standards 
included tube terminology and the UX base. After circulation bY 
thc Sectional Committee a number of comments of value had been 
received, and these received action by the technical committee. 

Dr. Dellinger reported that the International Electro-technica! 
Commission, at its meeting in Italy in September, had recom- 
mended for adoption two world standards for tube bases, ? 
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modified European base and the UX base. This action covered 
only the pin dimensions and spacing. The committee voted 
approval of the 1. E. С. action, with an expression of opinion that 
international action may also be necessary on shell and bayonet 
pin dimensions. 

The committee voted to adopt as the specific representation of 
the tube base standard the diagrams given on pages 55 and 56 of 
the September 1927 edition of the Natural Manufacturers As- 
sociation "Handbook of Radio Standards." It was also decided to 
replace the designation UX by ‘‘American standard 4-pin vacuum 
tube base." 


The Committee voted to submit to the consideration of the 
Institute of Radio Engineers Standardization Committee, the 
possible standardization of the measurement of tube capacities, 
the adoption of the term “tetrode” for 4-element vacuum tubes, 
and the possible standardization of terminology and other features 
of а.с. vacuum tubes. 


The Committee determined not to undertake standardization 
at this time of filament voltage or current tolerances, or of internal 
capacity tolerances. 


The Committee decided to undertake the assembly of data on 
the 5-pin base and on rectifier tube bases, with & view to possible 
future standardization. 


1928 MEMBER DUES 


It is desirable that the attention of the membership be called 
to the bills for the 1928 dues which will be mailed during the latter 
part of December. Prompt payment of these bills will materially 
decrease the burden on the Institute office, and in addition will 
insure prompt receipt of all Institute publications by the member- 
ship. 

PUBLICATION SCHEDULE 


Due to the publication of the ProcEEDINGS monthly since the 
first of the year and to a change in the printing establishment 
with the October number of the PrRocEEDINGS, papers сап be 
published in general in approximately one third the time formerly 
required. 

The Institute will always appreciate constructive criticism on 
the PRocEEDiNGS both as to the type of papers published and the 
mechanical make-up of the journal. 
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1928 Year Book 


Members are cautioned that changes in address (both resi- 
dential and business) cannot be included in the 1928 Year Book 
unless the Institute is notified thereof by not later than December 
15, 1927. 

Unpaid members desiring to appear in the Year Book must 
settle their accounts on or before December 15th. 


MEMBERSHIP CARDS 


As announced last month, membership cards for 1928 will be 
available to all members of the Institute when the Institute’s 
office is requested to issue such cards. 


INCREASE IN OFFICE FORCE 


During the current year four additions have been made to the 
office staff of the Institute in an effort to keep up with the ever- 
increasing amount of work involved in the operation of the 
Institute and the publication of the PROCEEDINGS. 


OBITUARY 


The Board of Direction of the Institute of Radio Engineers 
announces with deep sorrow the death of its member: | 


John F. Dillon 


His career has been a notable one from the viewpoint of service 
to the public. For nearly thirty years he served in the Army of 
the United States, rising to the grade of Lieutenant-Colonel. 
For fifteen years he was a member of the Federal Radio Inspection 
Service of the United States Government, having been one of the 
first radio inspectors appointed in the United States. 


At the height of his career he was appointed a member of the 
Federal Radio Commission in 1927. He served with the Com- 
mission in Washington in framing the preliminary policies and tenta- 
tive regulations of that body until severe illness in June, 1927 
prevented the continuance of his activities. 


Colonel Dillon was an active worker in the radio field from its 
earliest days and was responsible for much of the development and 
coordination of radio communication on the Pacific Coast. He 
was а Fellow of the Institute of Radio Engineers, Chairman of 
the San Francisco Section of the Institute, and an active participant 
in Institute activities. 


His loss is a real one to his country, the radio field, and the 
Institute, of which he was an officer. 


ATMOSPHERICS AT WATHEROO, 
WESTERN AUSTRALIA 


By 
J. E. I. CAIRNS 


(Watheroo Magnetic Observatory, Western Australia. Carnegie Institution of Washington.) 


Early in the year 1927 observations on the wave-form, field- 
strength, and duration of atmospherics were begun at the 
Watheroo Magnetic Observatory employing an apparatus essen- 
tially the same аз that described by Appleton, Watson Watt, 
and Herd in the Proceedings of the Royal Society (A, Vol. 111, 
1926), local conditions causing the introduction of only a few 
minor changes. For a month after the apparatus was set in proper 
working order, observations were made almost nightly, though 
no drawings were made, since at that time the calibrating oscillator 
for the time-base was in course of construction and rough calibra- 
tions only could be made by comparison of the sound produced 
in a pair of headphones with the note of a violin. The month was 
employed profitably by the observer's gaining experience in the 
delineation of the atmospheric wave-forms, and in increasing 
the speed with which the observations could be made. On 
March 18, 1927, the calibrating oscillator was delivered, and ob- 
servations were begun on March 20. 

It was first desired to measure 5,000 late summer atmospherics, 
but shortly after the first thousand had been drawn the oscillo- 
graph-tube became inoperative, owing either to а gas leak or to 
inactivation of the filament, and the observations had to be 
suspended. Summer atmospherics, especially late summer, are 
distinctly the worse experienced at this station, as elsewhere, and 
it was to measure these that the work was planned. Before the 
defective tube could be replaced the summer had broken, and 
consequently the statistical analysis has had to be made on 1000 
wave-forms and not on 5000 as originally intended. However, it 
is believed that the result of this analysis is fairly typical. Several 
thousand atmospherics were examined during the month prior 
to March 20, 1927, and though some uncertainty attached to the 
values of the time-bases used, yet it may be stated that in both 
magnitude and duration, and in distribution as regards duration, 
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these atmospherics were similar in every respect to those subjected 


to analysis. 
FORMULAS 


It is shown in the paper “On the Nature of Atmospherics,” 
Parts II and III by Appleton, Watson Watt, and Herd,! that the 
effect of the rapid variation of the Earth’s electric field which 
constitutes an atmospheric upon the system shown in Fig. 1 
is given by | 
v Сбь+С, 


eu E 


where f(t) is the change which the vertical electric field undergoes, 
his the height of the exposed conductor, v is the potential developed 


(1) 


Figure 1 


across the plates of the condenser C, and C, is the capacity of 
the exposed conductor, so that if the potential v be examined 
oscillographically it is possible, by means of the condenser po 
tentiometer, to ascertain the changes in the Earth's field caused 
by an atmospheric for those cases where the initial and final values 
of the field are the same. For this to hold, the system comprised 
of Co and R, must be non-oscillatory and the time constant 0 
the entire system must be small compared with the duration 0 
the field change. Also, the time constant Cio must be large co™ 
pared with the field change. 

For a change involving а net change in the vertical field, 8 
redistribution of charge on the exposed conductor takes place 
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at the end of the disturbance the charge induced on the conductor 
disappears by leakage through the resistance p in time (С»-+ЕС,)р. 
This exponential discharge produces a series of sloping lines on 
the oscillograph screen due to several tranverses of the indicating 
spot. The expression giving the maximum potential attained by 
the field change during а semi-permanent change is 


(2) 
where the symbols have the same significance as in (1). 


APPARATUS 


The exposed conductor was an ordinary L receiving antenna of 
rather small dimensions; 91 meters long, 4.95 meters high at the 
center of capacity, and having a capacity of 0.00059 uf. With an 
inserted capacity C, of 0.002 uf. and an oscillograph sensitivity 
of 0.86 volts per mm., one mm. deflection on the oscillograph 
screen corresponded to а field-change of 0.00811 volts per meter, 
the amplification of the amplifier being 94. The resistance p 
was 12 megohms, and the lowest aerial resistance measured was 
224 megohms, the insulation being maintained by means of sulphur 
strain insulators and a sulphur insulated lead-in tube. No measure- 
ments were made during wet weather, and when rain occurred, 
the insulators were scraped before the system was again used. 
Ground resistance was approximately 12 ohms. 

The measuring apparatus is shown diagrammatically in Fig. 2, 
leads for the calibrating oscillator for the time-base and the time- 
base voltage generator itself being also shown. R,, wound anti- 
inductively and anti-capacitatively, was just large enough so as 
to be greater than that required for critical damping, so as to give 
rapid response to field changes; р was a metallised non-inductive 
resistor. Switch S permitted the application of aerial voltage, 
amplified aerial voltage, or time-base calibrating oscillations as 
desired to the oscillograph plates. Otherwise the diagram is self- 
explanatory. The amplifier consisted of two stages of resistance 
_ capacity coupling, this form of amplifier being employed for reasons 
of economy, and also because the work was not of fundamental 
character. * No change of amplification with frequency was 
observed for the range 256 to 1024 cycles, and the value of the 


А е У. Appleton, К. A. Watson Watt, and J. Е. Herd, Proc. Roy. Soc. A, 
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amplification was extrapolated backward to include the lower 
frequencies. The anode resistances, metallised, were continuously 
variable up to 80,000 ohms each, but none other than the maxi- 
mum amplification was ever employed, the oscillograph deflections 
then being of convenient magnitude. The valves were Marconi 
Osram D. E. 5b, "high mu” valves, impedance 30,000 ohms. 
Rectification occurred in the valves when the grid potential 
exceeded 4 volts; when this value was attained at the grid 
of the second valve, the oscillograph spot was high on the 


TO SINUSOIDAL OSCILLATOR 


Figure 2—General Wiring Diagram. 


screen, and on the portion not covered by the oscillograph calibra- 
tion. Moreover, the image was confused, similar to а semi- 
permanent field-change with a radiation field superimposed. 
Such fields were readily recognised and omitted; no serious 
weighting of the results occurs as a result of neglecting these off- 
scale deflections, because of those deflections below 0.5 mm. which 
were also neglected. The omission at either end of the oscillograph 
range tends to preserve & correct mean. 

The oscillograph was a standard Western Electric cathode-ray 
oscillograph, Vacuum Tube 224A. Anode potential used was 270, 
derived from radio plate-batteries, and filament current 1.4 am- 
peres, the indicating spot being very brilliant at these values. All 
other vacuum tubes used in the apparatus were covered with 
light-proof sheaths to prevent excess stray illumination. 

The audio-frequency oscillator employed to develop the 
sinusoidal oscillations for calibrating the time-bases was ап 
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ordinary valve generator, a Marconi Osram R valve being used 
for the purpose. The output voltage was only two volts and was 
therefore stepped up with a 5-to-1 a.f. transformer to give a larger 
oscillograph deflection. 

А linear, uni-directional time-base was secured by the use of 
the non-linear oscillator described in the paper! previously men- 
tioned. A short train of oscillations charges up the grid condenser 
until the oscillations cease; this charge then leaks off through the 
saturated diode D of Fig. 2 in a linear fashion until the voltage 
reaches the value where oscillations begin again. The application 
of the potential of the grid condenser plates during this process 
to the oscillograph plates produces a to-and-fro motion of the spot, 
the movement in one direction being far more rapid than in the 
other. The charging up of the grid condenser is practically in- 
stantaneous, so that the motion of the oscillograph spot is un- 
observed during this process. The coils Lı and Ls were ordinary 
tuning coils, suitably mounted, and it was found that the system 
oscillated better when the grid coil was tuned by а 0.0005-,. f. 
variable condenser. It was also found necessary to screen this 
oscillator with an earthed metal screen; owing to the proximity of 
the time-base oscillator and the amplifier in the arrangement of 
the apparatus, there was considerable stray pick-up. When the 
earthed screen was introduced, the trace on the oscillograph screen 
with the aerial disconnected from the amplifier, was perfectly 
straight, whereas before it had shown a Lissajous figure. No trace 
of backstroke could be detected except at & frequency of 1024 
p.p.8., when one wave of 512-cycle voltage was held on two strokes 
of the time-base; the return of the spot was just barely distinguish- 
able, and as far as could be ascertained, parallel to the time-base. 


OBSERVATIONS 


The observations were made at night when weather conditions 
permitted. Usually at this time of the year at Watheroo the only 
rains are those due to thunderstorms, but unfortunately, heavy 
unseasonal rains from the northeast commenced almost simul- 
taneously with the beginning of the observations and thus forced 
the observer to extend them over a longer period of time than 
would otherwise have been the case. Owing to the necessity of 
performing the ordinary observatory routine work, it was im- 
possible to begin the observations until after 21^; as these extended 
over three hours for the number of time-bases used and the period 
on each, there was danger of a diurnal variation creeping in and 
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affecting the numerical distribution of the atmospherics with 
respect to their duration. To correct this effect, in the latter half 
of the series, the time-bases were used in the reverse order to the 
former: i.e. in the first half, time-bases of long duration were 
observed first, the duration being decreased as each time-base was 
examined, while in the second half, short-duration bases were 


MARCH 23,1927 
TIME - BASE: 2930 MICRO- SECONDS 


Figure 3—Observed Atmospherics. 


observed first. This was the most satisfactory procedure, especially 
under humid conditions, for it was noticed that after rain 

fallen, a slight leak across the grid condenser of the linear oscillator 
prevented the use of very low frequencies; when the short-dura ton 
bases were examined first, the apparatus became warmed up before 
these very long bases were examined, and no leak occurred. The 
ionisation in the oscillograph tube also provided a leakage path, 
but even at the lowest frequencies it did not appear to affect the 
linearity of the time-base. To offset the effect of this leak, (which 
is practically constant and lincar), the largest grid conden! 
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permissible was used in the time-base oscillator; in the actual 
apparatus it was 0.005 д. f. | 
Time-bases of 20-mm. length were used almost exclusively ; on 
a few occasions 15-mm. bases were employed, but the thickening 
of the base-line caused their abandonment. Adjustment to length 
was effected by varying the coupling of the coils L, and Г, of Fig. 
2 of the time-base oscillator. The bases were calibrated against 
the sinusoidal oscillator which was itself standardised against & 
512-cycle tuning fork by reducing the beat-note between the fork 
and the note produced in a loudspeaker connected to the sinusoidal 


MARCH 25, 1927 
TIME-BASE: 977 MICRO-SECONDS$ 
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Figure 3a—Observed Atmospherics. 


oscillator to zero. The time-base grid-condenser leak, the saturated 
diode D of Fig. 2, was then adjusted until the required pattern 
was held on the screen. Patterns containing up to six waves of the 
sinusoidal voltage could be held easily, and the more complicated 
patterns, such as where three waves were held on two strokes of - 
the base, though a little difficult to interpret at first, were soon 
recognized with ease after а violin had been used to identify the 
audible note emitted. The strokes per second of the time-bases 
employed were as follows: 85.3, 102.4, 128.0, 170.7, 256.0, 341.3, 
512.0, 768.0, and 1024 so that with bases of 20-mm. length, one 
mm. on these bases corresponded to 585.9, 488.3, 390.6, 293.0, 
195.3, 146.5, 97.7, 65.1, and 48.8 micro-seconds respectively. 
Originally it was intended to allot 15 minutes to observations 
on each base; one observer only made the observations and diffi- 
culty was experienced in keeping the observation time within the 
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prescribed limits. In an attempt to correct for the differing dura- 
tions of observation (amounting to +3 minutes), the results have 
been weighted, though very little change in the unweighted figures 
is produced thereby. 

Upon the end of the oscillograph tube, lines were marked paral- 
lel to the time-base and 5 mm. apart. Readings to 0.5 mm. could 


TABLE I 


SUMMARY OF ATMOSPHERICS AT WATHEROO MAGNETIC OBSERVATORY, WESTERN AÁCSTRALIA, 
Marcs 20 то 28, 1927 


A+ 12 1793 0.153 A- 45 786 0.162 
B+ 36 1798 0.032 B— 5 1137 0.039 
C+ 56 3198 0.167 C- 7 2348 0.074 
D+ 2783 0.179 D-— 21 1910 0.121 
E+ 21 1892 0.030 E— 1634 0.026 
P+ 21 1870 |. 0.039 P- 16 1915 0.037 
Indeterminate + 32 1553 0.095 Indeterminate — 33 2278 0.065 
Total P+ 187 2172 0.095 Total Р— 284 1680 0.074 
Quasi-periodic Types, Q 
Greater voltage Greater voltage 
first first 
A+ 21 3316 0.128 А— 29 3288 1 
B+ 10 3592 0.176 B— 1 4965 0.137 
C+ 15 2473 0.026 cC- 15 2826 
D+ qu sers (er ee D- 0 SM pcc 
E+ 3- 4148 0.058 E-— 0 
P+ 0 О Um P- 0 1]. i | sss 
Indeterminate + 7 2415 0.035 Indeterminate — Ü d “eke d^ mic 
Greater voltage Greater voltage 
later later 
G+ 20 3227 0.186 G- 50 2410 0.14 
H+ 4 | 2478 | 0.148 Н – 10 2576 | 0.190 
1+ 19 2448 0.051 1— 30 2722 0.058 
J+ 7 3014 0.123 J~ 92 3458 0.132 
K+ Б 2538 0.081 К — 20 2788 0.065 
L+ 6 2749 0.199 L- 2 3738 0.234 
M+ 3 2606 0.220 M- 14 3176 0.232 
N+ 3 1531 0.269 N-— 1 6095 0.202 
0+ 4 | 4320 | 0.227 0 — 1 977 | 0.186 
Indeterminate 4- 8 2076 0.107 Indeterminate — 31 2394 0.102 
Total Q+ 135 2876 0.118 Total Q— 296 2960 0.116 
А+ 1 | 9020 | 0.026 or : 4410 | 0:019 
В+ 0 ee nass Н+ 1 6975 0.021 
D. 0 р Indeterminate + 16 1998 0.081 
Е+ 0 |. [eee TotalQ + 23 3126 | 0.060 


! Type аз defined in sketches of Fig. 5 cither positive or negative. 


be made without difficulty, so that the lowest value discernible 
corresponded to a field change of 0.004 volts per m. The time-base 
was adjusted to coincide with one of these parallel lines by means 
of the tuning condenser across L2; change in the frequency of the 
oscillations constituting the short train which charged up the grid 
condenser appeared to affect the terminal] voltages of the train 
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and thus move the base as a whole parallel to itself. The adjust- 
ment was not very critical, but sufficient to correct any drift 
which occurred. 

Owing to the necessity for the maintenance of high aerial 
insulation, special attention was given to this and the insulation 
tested twice nightly, before and after the observations, by means 
of a microammeter and a 200-volt battery. In no instance was 
the insulation resistance below 224 megohms, giving a minimum 
value of 11.4 megohms for the resistance p and therefore a value 
for the time constant Cip of 22,800 micro-seconds. In addition, a 
voltmeter could be inserted at various points to ensure the main- 
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Figure 4—Reconstructed Typical Atmospherics. 


tenance of the conditions necessary for the correct functioning of 
the amplifier and time-base oscillator. 


RESULTS 


The wave-forms were drawn by hand; typical forms observed 
are shown in Fig. 3. In nearly all the atmospherics observed the 
structure was rippled; so much so that it was impossible to draw 
all the ripples, but merely to indicate on the drawing that ripple 
was present. When the time-base was opened out to 1000 us these 
ripples were seen to be approximately 1 to 2 mm. in length cor- 
responding in time to 50 to 100 us. The results obtained are ex- 
pressed concisely in Table 1, following the method of Appleton, 
Watson Watt, and Herd, and it will be noted that the wave-forms 
are identical with those obtained by these investigators. The 
curves in Fig. 4 are reconstructed from the mean values obtained 
for the most frequently occurring form in each class, and the 
individual curves may be taken as the typical atmospheric in 
that particular class. The percentages alongside each curve give 
the percentage with which the particular form occurred in the 
total number of radiation-fields examined (this excludes semi- 
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permanent field-changes). The curves are not idealised to any 
great extent. 

Negative atmospherics (the convention as to sign is that the 
atmospheric is given the sign of the greatest peak, regardless of 
the order of incidence of the peaks, and the positive sign is given 
to that atmospheric which tends to make the aerial terminal of 
the coupling condenser C, positive) predominate, though the 
peaked aperiodic positive forms an important class, comprising 
6 per cent of the total number. These peaked positive aperiodics 
were almost invariably associated with visible lightning, and their 
magnitude is evidently due to the proximity of the source. The 
flashes were, in general, diffuse glows, but the district is so sparsely 
settled that no data as to distance could be obtained. Cloud- 
to-earth flashes are comparatively rare in the locality but "summer 
lightning" is frequently visible at night at the season of the 
observations. The symmetrical peaked negative is worthy of 
notice on account of the shortness of its duration, 786 us. The 
peaked forms were far more numerous and of greater amplitude 
than the rounded, and the peaked quasi-periodics occurred more 
frequently, though attaining slightly smaller amplitudes on the 
whole, than the peaked aperiodics. 


RIPPLED STRUCTURE 


It was mentioned previously that ripple was present in nearly 
all the atmospherics examined; on nearly every occasion that 
observations were made the familiar summer ‘‘static roar” was 
present when a radio receiver was tuned to any station. It is 
believed that the cause of this “roar’’ is to be found in the small 
ripples of durations 50—100 us. and of amplitude 0.008 volts per m. 
approximately from consideration of the following: Every night 
before commencing the observations, the apparatus was tested 
before darkness set in, and one or two stations were tuned in on 
the receiver. The static roar was always accompanied by ripples 
on the oscillograph screen when the time-base was opened out to 
1000 us., and on those occasions when the roar was absent (its 
absence was always marked) ripples were also absent. This coin- 
cidence occurred on several occasions in the 5 weeks during which 
observations were made, though only on one or two during the 9 
days on which the most precise measurements were carried out. 
When the roar was very bad, these ripples were practically con- 
tinuous; in fact, by varying the time-length of the base-line, it 
was possible on occasions to hold the pattern or to watch it 
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progressing or retrogressing for a short period, a fact that led to 
the suspicion that local interference might be the cause. The 
electric motors driving other observatory apparatus were sus- 
pected, but shutting these off produced no change in the appear- 
ance on the oscillograph screen; in fact, all possible sources of 
stray pick-up were investigated but no evidence was found that 
there was any local interference. The only conclusion that can 
be reached is that the continuous summer roar is caused by con- 
tinuous or almost continuous atmospheric ripples of from 50—100 
из. duration and about 0.008 volts per m. amplitude. No long-wave 
station employing a wavelength anywhere near the vicinity of 
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Figure 5—Types of Atmospherics. 


13,330 metres (22.5 kc.) is situated in or near Australia, nor could 
such a station be tuned in on a receiver. Such interference is 
possible, because of the aperiodic aerial employed. This “roar” is 
most probably identical with the “rattle? which De Groot? 
observed in the Dutch East Indies, and which he ascribed to 
extra-terrestria] influence. 


SEMI-PERMANENT FIELDS 


Semi-permanent field-changes were fairly numerous, their 
incidence amounting to 17.6 per cent of the total number of 1124 
atmospherics examined. The sign of a number of these was not 
noted on occasions, but of those which were measured the negative 
had a large predominance; positives were very few. One class, 
giving a complex screen pattern, was termed '' t," for it appeared 
to occur on both sides of the base-line; however, it 1s thought that 
these were semi-permanent field-changes accompanied by radia- 


з De Groot, Proc. Inst. Radio Eng., New York, 5, 1917, p. 75. 
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tion-field. That they were not caused by rectification in the am- 
plifier is shown by the fact that the deflections of this type were 
frequently small, and well within the linear amplification range. 
Further investigation of the semi-permanent field-changes was 
postponed until after the required number of radiation-fields had 
been examined; unfortunately, however, work in this direction was 
prohibited by the failure of the oscillograph tube. Regardless of 
sign, the mean semi-permanent field-change was 0.1372 volts per 
m. but this value is probably low, since off-scale deflections were 
common. 

Though none of the semi-permanent field-changes measured 
were observed simultaneously with lightning flashes, owing to 
the impossibility of one observer’s making both observations, yet 
it is known that the storms were in all cases over 50 km. distant. 
No thunder was heard, and the storms seemed to cling to the 
horizons, north, northwest, west, and southwest. Mostly they 
were just visible over the horizon, the lightning playing in the 
clouds. During the preliminary period, February to March 20, 
on one or two occasions two observers made observations; on 
these occasions it was found that every lightning flash did not pro- 
duce a measurable field-change at the aerial, and conversely, 
every semi-permanent field-change was not invariably associated 
with visible lightning. Local storms are fairly high; one on 
December 31, 1926, at about 22^ was approximately 7 km. high 
as judged by the difference in time between the flash and the 
thunderclap. 

SUMMARY 


Of nearly 1000 atmospheric radiation wave-forms observed 
over & period of 9 days at the Watheroo Magnetic Observatory 
from March 20 to March 28, 1927, the most frequently occurring 
form was found to be a negative peaked quasi-periodic consisting 
of 3 "half cycles," the maximum field change being associated 
with the second “half cycle." The mean duration and field- 
strength of this type, which occurred in 10 per cent of all case 
examined, were 3458 из. and 0.139 volts per m., respectively: 
Reconstructed drawings of the most frequently-occurring forms 
are given, as well as reproductions of actual sheets of observations: 

The summer “тоаг” is shown to be most probably due {0 
short-period, small-amplitude, almost continuous ripples, the 
period lying between 50 and 100 us. and the amplitude be!ng 
approximately 0.008 volts per m. The static “rattle” noted by 
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De Groot in the Dutch East Indies is probably due to ripples 
similar to these. 

Negative atmospherics СИТ the only notable positive 
being an aperiodic of relatively long duration, this form being 
almost invariably associated with lightning. Quasi-periodics were 
more numerous than aperiodics, and the peaked form occurred in 
greater numbers than the rounded. The symmetrical negative 
peaked aperiodic was noteworthy, because of the shortness of its 
duration, 786 д sec. АП atmospherics seen on the oscillograph 
screen were accompanied by a noise in a radio receiver. 

Semi-permanent field-changes were fairly numerous, the 
negative change occurring far more frequently than the positive, 
the thunderstorms producing these changes being usually over 
50 km. distant. 
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PROPAGATION OF SHORT WAVES DURING A 
SOLAR ECLIPSE 


By 


Epwin J. ALWAY 


Special watch was kept on 30 to 45 meters from 0400 to 0530 
hours G.M.T. on the morning of June 29, 1927, for the purpose 
of observing effect of solar eclipse on transmission of 40—45 meter 
waveband. 

The receiving station was situated at Heliopolis near Cairo, 
Egypt. Dawn occurred at 0200 hours G.M.T. Progress of eclipse 
could be observed through window; eclipse was only partial in 
Egypt, though total in England at 0524 G.M.T. First indication 
of effect on short-wave transmissions was observed on signals 
from WIZ, 42 meters, which generally persists with gradually 
weakening strength until some hours after dawn. On this occasion, 
WIZ began to rise slightly in strength at 0420 hours, which was 
time of first contact on line of totality. At 0423 station ER5AA 
was heard calling, quite loudly, CQdeER5AA on 32 meters. 

This station has never before been heard here as late as 0423. 
The wave in question, however, 32 meters, was not considered 
long enough to show any marked night-contra-daylight properties. 
Listening out was now confined to 40—45 meter band; signals from 
Europe on these waves always fade to zero when daylight covers 
whole path, daylight being 2 hours later in Europe. 

At 0430, 10 minutes after first contact, a Vickers Vanguard 
aircraft GEBCP, was heard calling, "CQ de GEBCP—Time now 
0530 B.S.T.—over Mersey—no bumps—over Mersey—’’.... 
and later....''—now over Liverpool—speech—std bi fone— 

9) 

This machine was transmitting on a wave of 42.5 meters, and 
was received R7; machine was then only a few miles from line 
of totality. | 

At 0450 the following was heard, “CQ de LCHO—test trans- 
mission from Oslo (Norway), radio on 45 meters," (R7). 

At 0500 the British amateur G2WJ was heard on 45 meters 
sending code words. These code words have not yet been checked, 
but reception of them was not at all doubtful; here are two: 
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"UFEOFROGEYIMEOMAESYIZYOFAAROICU de G2WJ,” 
and ‘“YNIOCAIREUHAOZUYSAUMENAJAAGIUFY de 


G2WJ." 
At 0500, WIZ was still heard quite loudly and persisted till 


after 0530 G.M.T. 


LM 
WOOLEDY)| 
|| 


JEOBURGH- 


NEWCASTLE 


ALSTON "m 7 
З "i 
BARNARD egy p | 
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Figure 1—G2W/J is situated in the right-hand lower corner. First ct., 0420; 
total ct., 0524; last ct., 0614. 


At 0516 G.M.T. the following call was heard on about 40 
meters, “8 CER NU 3ASL—R ck—ur tone gud AC cut a little— 
gru hr—vy gld ti QSO ob, bi uw om so wl QRT nw vy best 73's cu 
agn—A 8 C.E.R. nu 3 AHL (?)." This transmission, apparently 
from an amateur station in the third zone in the United States, 
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could scarcely have been heard at Heliopolis, Egypt, after three 
and one-quarter hours of daylight under normal circumstances. 
It is worthy of note that this particular station was heard just 
previous to the time of totality in England. 

At 0520, G2WJ could still be heard sending test code words, 
but was not so easily receivable, more errors being made; the 
following incomplete code word was received: ‘‘TOALOORY- 
UZOAUUASMXA—de G2WJ." 


Figure 2 


At 0530, Oslo LCHO, had also fallen in strength, though still 
readable. 

À station on 39 meters was also heard at 0530 calling ' ‘18GR 
de ОСІ, but I have been unable to identify the calls signs. After 
0530 G.M.T., all signals ceased ор 40-45 meters, and atmospherics; 
which had Deci present from 0400-0530 also ceased, and the 
watch was discontinued. 

One concludes by assuming that, at least locally, a solar eclipse 
produces а pseudo-night-effect, this effect beginning with the 
eclipse but finishing before it; that d is, when the eclipse occurs in 
the morning. 

N.B. ОЗ2\Ү is situated in London N 12. 
GEBCP and G2WJ were approximately 2500 miles from 
Cairo. 
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LCHO was approximately 3000 miles from Cairo. 

ER5AA has not been identified, but is probably of Russian 
origin; if so, it is more than 500 miles distant. 

SCER and 3AHL (or 3 ASL) were prefixed by the 
Amateur International Signs NU and are of American 
origin. 

3 valve receiver used 1 detector, 2 audio-frequency 
amplifiers. 


Discussion on 


LONG DISTANCE RECEIVING MEASUREMENTS AT 
THE BUREAU OF STANDARDS IN 1925* (L. W. Асѕтіх) 


К. Sreenivasan}: It was hoped at one time that the observa- 
tions on Madras radio should be examined with respect to magnetic 
disturbances; but the difficulty in getting magnetic data together 
with the assumption that at short distances like 300 Km, such 
disturbances will not have noticeable effect on reception prevented 
any further work. | 

The important paper by Mr. G. W. Pickard! on the correlation 
of radio reception with solar activity showed that the assumption 
was not justifiable. An examination of the intensity variations 
in relation to solar activity and terrestrial mangetism is now under- 
taken on the lines suggested by Mr. Pickard? in his comments оп 
my discussion of Dr. Austin’s paper. 

The curve obtained from the Madras observations of October 
and November, 1926 show the marked influence of sunspot activity 
with reception. Considering that both these months were of 
comparatively violent changes in intensity from day to day and 
week to week, the inverse relationship as shown by the curve !5 
of considerable interest. That the day observations of Bangalore 
are not an exception seems to be borne out by similar relationship 
that Mr. Pickard has found with Dr. Austin’s observations 00 
European stations at Washington. 

Of peculiar interest is Mr. Pickard's remark that 1926 із 9? 
exception to the general rule of direct relationship between SUD 
spots and day reception. Why this should be so, it is very difficult 
for me to understand. But 1926 was characterised by & violent 
magnetic storm during the latter part of October which completely 
blocked the beam system of transmission between England 3" 
Canada. According to published information available, there 2% 
been practically no abnormality during the severest part of the 
storm in the reception of long-wave signals. This indicates some 
kind of selective action. Without laying too much stress ОП the 
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Madras observations, the weekly averages seem to suggest an 
explanation which may be worth some attention, although at 
present it can only be in the nature of a conjecture. Is it possible 
that short waves on account of their penetration to a greater height 
into the ionised atmosphere up above respond more readily than 
lower frequency waves to such phenomena as magnetic storms? 
Is it not likely that any violent disturbances above will reach the 
lower “turbid” layers rather slowly and as a consequence that 
long-wave reception will show less immediate and violent changes, 
beginning some time after the storm has started and assuming 
normal values comparatively long after it has ceased? 

If there were sufficient data on reception over a number of 
years throughout the radio spectrum from short waves through 
the broadcast band to long waves, the above suggestion might 
have been examined for what it is worth. 

Besides the Madras observations, the intensity of the British 
Post Office Station at Rugby (О В К, 16 Ке. per sec.) has been 
measured daily due to the kindness of Mr. E. H. Shaughnessy, 
who readily agreed to the transmission of special test signals 
twice daily for two months from July 10th, 1927. Each of them 
consists of a three-minute dash, the morning signal lasting from 
0115 to 0118 G.M.T. and the afternoon signal from 1115 to 
1115 С.М.Т. With a time difference of about 5} hours between 
Rugby and Bangalore, the path of the morning signal lies mostly 
in darkness. During the evening signal, the path is lighted through- 
out. 

Report on these measurements will be made soon after the 
transmission stops after September 10th. Unfortunately, the 
measurements on the test signals from Malabar (P K X, 15.6 Km) 
at 2340 G.M.T. were discontinued from July 10th, 1927. Even as 
long as it lasted, there were so many breaks due to one reason or 
another, that the number of readings is far too small to be useful. 


THE RELATION ОЕ RADIO RECEPTION TO 
SUNSPOT POSITION AND AREA* 


By 


GREENLEAF W. PICKARD 
(Consulting Engineer, the Wireless Specialty Apparatus Company, Boston, Massachusetts. 

(Communication from the International Union of Scientific Radio Teleg- 
raphy.) 

As a matter of years or even months, the relation between 
radio reception and solar activity is now quite definitely known.! 
An increase of solar disturbance, as indicated by an increase in 
the number of sunspots, solar constant or ultraviolet radiation, 
is accompanied by an improvement in day reception and a lowering 
of night reception. By taking periodic daily averages for a number 
of solar rotations certain general day-to-day relations can be found; 
for example, the ‘meridian transit of a sunspot group is usually 
accompanied by a depression of night reception and (with the 
exception of 1926 and the early part of 1927) a slight increase of 
day field.? 

Night reception in that portion of the broadcast band between 
750 and 1500 kilocycles and over east-west transmission paths 
shows the highest relation to measures of solar activity. But even 
with this most sensitive type of radio transmission, if intervals 
of less than a month are taken the degree of correlation rapidly 
decreases. Comparing night reception at Newton Centre, Massa- 
chusetts, from stations WBBM and WGN at Chicago, with 
Wolfer Provisional Sunspot Numbers over the interval January, 
1926 to September, 1927, the following correlations are found: 
Sete a ces a ee ee tg sek ee cg ea ым 


Interval Correlation r/e 
Three months, —0.924+0.038 24.0 
Two months, —0.75+0.093 8.1 
One month, —0.54 +0.10 5.4 
Fifteen days, —0.45+0.084 5.4 
Seven days, —0.30+0.06 5.0 


"EN CLONE TERM ae ee ge RS 
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When a day-to-day comparison of reception and Wolfer 
sunspot numbers is attempted, a very low correlation is found. 
If recognition is taken of the distance of the sunspots from the 
sun's center, by multiplying their area by (/-p), where p із the 
distance from the center of the solar disk, a somewhat larger 
correlation coefficient results. A further improvement results 
when only spots within a few degrees of the central meridian are 
taken. But even when position as well as area is considered, the 
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Figure 1—Reception and magnetism with maxima of 4 or more spots in central | 
13.3 deg. band. 88 cases, February 17, 1926 to May 21, 1927. 
connection between individual sunspot groups and reception is 
not sufficient to show that we are dealing with cause and effect. 

As a working hypothesis, I have assumed that there are definite 
solar areas which are responsible for reception disturbances, and 
which usually persist for a number of solar rotations. In general 
these active areas are also areas of sunspot formation, but they 
are effective in producing reception disturbances even when 
120 
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Figure 2—Reception and magnetism with maxima of 4 to 10 spots in central 
13.3 deg. band. 62 cases, February 17, 1926 to May 21, 1927. 

they contain no spots. Large sunspot groups may also occur 
entirely outside these active areas, in which event the earthward 
presentation of such spots is less likely to be accompanied by 
changes in reception. | 

But as the active areas persist for a number of solar rotations 
(sometimes over a year) and are the most likely places for sunspot 
formations, we may still use sunspot area and position to derive 


1006 Pickard: Relation of Radio Reception to Sunspot Position 


general relations despite their inadequacy in the individual case. 
It is the object of this paper to show that the central passage of 
sunspots does not exactly coincide with the associated reception 
disturbances, and that the interval between the transit of the 
sunspots and the reception change varies both with the area of 
the sunspot group and with the particular period taken for in- 
vestigation. 

In the first seven figures night reception, day reception, and 
terrestrial magnetism are compared with the central passage of 
sunspot maxima. The night reception is taken from my measure- 
ments at Newton Centre, Massachusetts, and Seabrook Beach, 
New Hampshire, of station WBBM at Chicago, the day reception 
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Figure 3—Reception and magnetism with maxima of 12 or more spots in 
central 13.3 deg. band. 26 cases May 13, 1926 to May 12, 1927. 

is at Washington from AGS to Nauen, Germany, while the mag- 

netic measure used is the Magnetic Character of Day Number 

given by the Observatory at Cheltenham, Maryland. The sun- 

spots were counted in a central band 13.3 deg. wide, which is one 

day’s travel in solar rotation. 

In Fig. 1 is shown the relation between day and night reception, 
terrestrial magnetism and sunspot maxima of four or more spots, 
over the period February 17, 1927, to May 21, 1927. The ordinates 
represent percentage variation of the elements, and the graph 
covers an interval of eleven days. Night reception, shown in full- 
line, reaches a minimun about three days after the central passage 
of the spots, day reception an ill-defined minimum one day before, 
while magnetism, shown in dotted line, shows a maximum of 
disturbance between two and three days after. 
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A comparison of reception and magnetism over the same period, 
but with sunspot maxima limited to four to ten spots is shown 
in Fig. 2. Now both night and day reception show minima one or 
two days before, with a maximum of magnetic disturbance one 
day before. 
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Figure 4—Reception and magnetism with maxima of 4 to 10 spots in central 
13.3 deg. band. 26 cases, February 17, 1926 to October 4, 1926. 

In Fig. 3 only the larger sunspot groups are taken, with spot 
numbers of twelve or more in the central band. The amplitude of 
the night reception and magnetic disturbance has now increased, 
with minimum and maximum values, respectively, four and three 
days after the passage of the spots, while day reception shows a 
slight depression one day after. 
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Figure 5—Reception and magnetism of 4 to 10 spots in central 13.3 deg. band. 
36 cases, October 8, 1926 to May 21, 1927. 

It would seem from these figures that the interval between sun- 
spot transit and reception depression is related to sunspot area, 
much as if the smaller spot groups were on the western, and the 
larger spots on the eastern boundary of the active areas. But there 
is another factor to be considered, namely the period covered by 
the observations. In the preceding figures this has been approxi- 
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mately fifteen months; now this interval will be broken into two 
nearly equal parts. In Fig. 4 the interval is from February 17, 
1926 to October 4, 1926, with sunspot maxima of four to ten. 
Night reception shows a depression centering one day after, 
magnetism a maximum one day after, and day reception a mini- 
mum two days before. 

In Fig. 5 the period is October 8, 1926 to May 21, 1927, with 
sunspot maxima of four to ten. Although at first sight this figure 
is the inverse of the preceding one, the night reception maximum 
one day after the passage of the spots is not related to this particu- 
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Figure 6—Reception and magnetism with maxima of 12 or more spots in central 
13.3 deg. band. 8 cases, May 13, 1926 to September 19, 1926. 


lar transit, but merely represents reception recovery from some 
preceding disturbance; actually what has happened is merely 8 
considerable displacement in time. The inverse relation of magne- 
tism and night reception is here the best guide to the true position 
of the reception minimum, which is more than five days after the 
spot transit. Apparently the smaller sunspot groups were quite 
near the center of the active areas during the first seven months, 
but in the second period they moved east by at least 65 deg. 
The larger sunspot groups show a similar displacement, al- 
though to а lesser degree. In Fig. 6 reception and magnetism from 
May 13, 1926 to September 19, 1926, are compared with sunspot 
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maxima of twelve or more. Night reception shows a minimum two 
days after, and magnetism a maximum one day after. Fig. 7 is 
also for sunspot maxima of twelve or more, for the period of Octo- 
ber 11, 1926 to May 12, 1927, and here the reception and mag- 
netic elements show minimum and maximum values three and 
four days, respectively, after the transit of the spots; a displace- 
ment of about two days or 27 deg. to the east. 

It is evident from the preceding figures that the relation of 
reception to magnetism is much more intimate than its connection 
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Figure 7—Reception and magnetism with maxima of 12 or more spots in 
central 13.3 deg. band. 18 cases, October 11, 1926 to May 12, 1927. 


with sunspots. In Fig. 8 the magnetic storm is taken as the event, 
instead of sunspot transit. Within the nineteen months from Janu- 
ary, 1926 to August, 1927, there were fourteen magnetic storms 
recorded by Cheltenham, and the depression of night reception 
accompanying these storms is very striking. Day reception shows 
an inverse effect, an increase of field accompanying and following 
the storm. The night reception maximum three days before is not 
in anticipation of the coming storm; it merely represents the re- 
covery of reception from the depression associated with a preceding 
magnetic disturbance. 
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Although the most marked reception disturbances accompany 
magnetic storms, even a moderately disturbed day has its as- 
sociated reception depression. In Fig. 9, which covers the period 
January 24 to June 12, 1927, all magnetically-disturbed days are 
taken, that is, all days with character number of 1 or 2. The night 
reception data are here an average of three transmission paths; 
WBBM at Washington and Newton Centre, and WJAX of Jack- 
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Figure 8—Reception from WBBM and WGN with magnetic storms observed 
at Cheltenham. 14 cases, January 26, 1926 to August 19, 1927. А i 
day-reception in broken line. 

sonville, Florida, at Washington. Over the first half of 1927 mag- 

netic disturbances came at intervals of approximately fifteen days» 

so the reception maximum three days before represents the T€ 
covery of reception from the depression associated with a preceding 
magnetic disturbance, and the curve has a period of fifteen days. 

On the 19th and 20th of August, 1927, there was a magnet 
storm of considerable intensity, with displays of Northern Lights 

on both evenings visible throughout New England. In Fig. 10 
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have shown the reception depression associated with this storm, 
in which the field from WGN remained at a low value for a week. 

Night reception over any extended period is largely a series 
of abrupt depressions followed by relatively slow recoveries. The 
recovery, at least during a sunspot maximum, is rarely completed 
before the next depression occurs, so that the mean field for, say, 
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Figure 9—Mean reception from WBBM апа WJAX at Washington and New- 
ton Centre with maxima of magnetic disturbance at Cheltenham. 36 
cases, January 24 to June 12, 1927. 

a month, is largely determined by the interval between these 

abrupt depressions. If this interval is short, for example a week, 

the mean field will be low; if two or three quiescent weeks intervene 
the mean field will be high. 
These depressions quite definitely accompany disturbances of 


terrestrial magnetism, and less definitely the central passage of 
100 
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Figure 10—Night reception from WGN, Chicago, at Seabrook Beach, N. H., 
and the magnetic storm of August 19 and 20, 1927. 
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sunspot groups, but in neither case are we warranted in assuming 
that the connection is one of cause and effect. However, the 
relation of reception to terrestrial magnetism is so definite it is 
difficult to escape the conclusion that disturbances of these two 
elements arise from a common and nearby cause; an electrical 
change in our atmosphere. Any inexactness in this relation 
might be explained on the assumption that magnetic disturbances 
require an electrical movement, whereas reception is dependent 
upon the degree and disposition of ionisation. 

I wish to acknowledge the cooperation of Mr. H. H. Clayton, 
who not only made a preliminary analysis of my reception data 
by the method which I have used herein, but also supplied from 
his own solar observations the central band sunspot numbers. 
I am also indebted to the U. S. Coast and Geodetic Survey for the 
Magnetic Character of Day Numbers from the Cheltenham 
Observatory. 


ABBREVIATED METHOD FOR CALCULATING THE 
INDUCTANCE OF IRREGULAR PLANE 
POLYGONS OF ROUND WIRE 


(Part I of paper, “Оп the Calculation of Closed Aerials’’) 
By 


V. J. BASHENOFF 
(Chief of the Wireless Section of the State Electrical Rescarch Institute, Moscow, Union 
of Socialist Soviet Republics) 
INTRODUCTION 


There are many well-known theoretical and experimental 
papers dealing with the calculation of the inductance of coils and 
loops of small area and large number of turns. Such coils, arranged 
so as to allow for their rotation about a vertical axis, have been 
used for portable antennas and are suitable for installation in the 
interior of a building. The problem of the calculation of the con- 
stants of closed loops having a large area and a very small number 
of turns has, on the contrary, received until the present very little 
attention in radio journals or radio handbooks. 

Such antennas, which often consist of a single turn of wire 
supported by a single mast, are of especial importance at present 
on account of the definite tendency, very evident in western 
Europe, at least, to adopt this type of antenna in preference to 
the smaller loops which have earlier been almost exclusively used. 
For example, there may be cited changes made in 1924 in the radio 
centrals of Paris and Berlin (Creisne and Geltow). These stations, 
which in the period 1920-23 employed small loops with an area 
of a turn of from 4 to 16 square meters, now make use of closed 
aerials with an area of several thousand square meters, hung from 
masts as high as 75 meters. The Marconi Wireless Telegraph and 
Telephone Company employs in all its radio receiving sets a 
radiogoniometer system consisting of two mutually-perpendicular 
triangular closed aerials of one or two turns, hung from masts 
which, in different cases, range from 12 to 75 meters in height. 

Finally, the French Society, “S.F.R.” in its 1926 model of 
universa] direction-finder for wavelengths of from 100 to 3000 
meters has come over to the use of a large loop of only four turns, 
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in place of the small loops of a large number of turns which it 
used formerly.! 

The superiority, both from practical and scientific stand- 
points, of closed aerials of a few turns of great area, over loops of 
many turns of small area was established, as far back as 1915, 
by the author of the present paper, as a result of an experimental 
and theoretical study of radio reception with (a) coils with areas 
of a single turn up to 20 square meters, and (b) closed aerials with 
areas of some thousands of square meters, supported by a single 
mast. 

This principle? has been embodied in the design of some dozens 
of radio stations installed since that time under the direction of 
the author. As an example may be mentioned the construction in 
1920-4 of the radio station of Lubertzy? which was the main 
receiving station of the Radio Central of Moscow. 

In all the radio stations built by the author the closed aerial 
is hung from a single mast, а construction dictated by economical 
and practical considerations. Ав to the shape of such aerials a 
triangular form would give the greatest area, but in practice to 
reduce the effective resistance and capacity it is necessary to cut 
off the lower corners of the triangle.* 

For purposes of approximate calculation we may seek to replace 
the irregular polygons, formed by such closed aerials, by a simpler 
equivalent plane figure of either equal area or equal perimeter. 
Of such figures it is obvious that a triangle most closely approxi- 
mates the given contour. Exceptions would be offered by closed 

1 This coincides with the conclusion expressed by the Radio Research 
Board, Department of Scientific and Industrial Research, U. K., Special 
Report, No. 1, 1923, that а single-turn loop is the theoretical ideal for a direc- 
tion finder. 

2 The comparison of the reception on closed and frame aerials will be 
treated in a later paper. On this account a simple note will suffice for the 
present to show the theoretical advantage of the closed aerial of large area and 
few turns over the coil of small area and many turns. The product Sn which 
occurs in the expression for the effective height of a frame aerial may be ob- 
tained for a given length lof wire, either with a single turn aerial or by using a 
frame of n turns. Let us suppose, for simplicity, that in both cases enclose 
a square area. Then for a closed aerial of a single turn the length of a turn is 


l Б 
T and the area s=—. For the frame antenna of n turns the length of a side 


l | l 
18 "m and the arca s, —n times the area of a single turn, or mes Thus the 


effective height is diminished in proportion as the number of turns is increased. 
5 German Patents, No. 420150, Oct. 26, 1925 and No. 430695, June 18, 
1926. 
* Telefunken Patent D. R. P. No. 317880, and the author's patent D. R. P. 
No. 420450. . 
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aerials suspended from a single point and having circular, rec- 
tangular or square shapes. The first two cases are not met in 
practice, and the last, patented by the Telefunken Co. in a small 
frame aerial, offers no advantages over the truncated triangular 
shape. 

Because, then, of the predominant importance of the triangular 
shape, the author and his collaborators have, as will be seen later, 
investigated especially the problem of the calculation of the 
constants of triangular antennas. The following is an attempt to 
indicate methods for the calculation of the inductance of closed 
aerials. The accuracy of the theoretical analysis is confirmed by 
experimental data obtained by the author over a period of ten 
years. 


Calculation of the Inductance—Single Turn 
Closed Aerial 


A. SPECIAL FoRMULAS FOR VARIOUS FIGURES 


The following formulas for several of the geometrical figures 
are well-known. All the formulas are based on: (1) Circular section 
of wire with radius т. (2) Wire-material having и = 1—unless some 
other value is specified. (3) Naperian logarithms. 


1. Circle 


The formula giving the greatest accuracy (for direct and low- 
frequency currents) is, with a—radius of the circle, 


ВА (2+ 2 ч. NAME 7s | (1) 
= 4та — — —]. | 
Е 8а? e r 24a? 


(Rayleigh and Niven) 


Approximate formulas, generally used in practice: (a) for low 
frequencies 


8a 
L=4ra( 10g —— l. 75) (2) 
" (Kirchoff) 
(b) for high frequencies 
| 8 
L= tra( log с 2) (3) 
T 
(c) general formula—for any frequency 
8a 
L-Ar(Ig 2—20) (4) 
T 


(Bureau of Standards) 
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in which 5—one of the correction factors for frequency is deter- 
mined as а function of т (see Fig. 1)—which in turn is expressed by 


T ER (5) 


In this formula: a—radius of circle; f—frequency ; r— radius 
of wire in centimeters; u—magnetie permeability (и=1 for all 


of | 
MLB aede 
i i E ETE EET ES 
ТИЕ Nt it оеро) [1 
к ЛШ EI ПИ ШШЕ SEE SES Е 
al 0L 1 [LN L1 LLL ILL LLL 


pida ШТ ШЫЖЕ ИШЕ И 
BCS EEE 
zee Ee CORSE 


Figure 1 


wires except ferromagnetics); p—specific resistance of wire Ш 


microohms/cm?. 
2. Square 


І = 80 log —+——0.774+p6 
r a 


in which a is the side of the square. 
Another approximate formula is 


L-a-y 
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a 
in which y is a function of — and is obtained from Fig. 2. 
r 


3. Equilateral Triangle 


The formula is: 


(8) 


nN” 


a T r? 
г=6а(ов 2 —1.56465- 1/47 e. 
r a a? 


Figure 2 
for direct current (low frequencies) (Grover).5 
а 
і вао ——1.405465-+ 18 Pu (8a) 
T 


for radio frequencies. 
4. Regular Hexagon 


The formula is 


a Т r? 
L= 12a(Iog “+0.008176-+ 71/4 —-+-:: ) (9) 
r a a? | 


* The formulas (8), (9), and (10) were found by Grover in deriving a for- 
mula for calculating the inductance of polygonal coils, Sci. Paper 468, Bureau 
of Standards. 
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for direct current (low frequencies) (Grover)? 
а 

L = 124{ log 2—0: 151524-+u5 ) e. (9a) 
r 


for radio frequencies. 
5. Regular Octagon 


The formula is 


a r r? 
L=16a( log 2-+0.461976+7 — 1/4 —-++.. ) (10) 
r a а? 
for direct current (low frequencies) (Grover) 
a 
L- 16a( log “-+0.211976-+u8 (10a) 
| T 


for radio frequencies. 
6. Rectangle 


2ab 
L -4| (а+®) log ——— а log (a-- d) —b.log +0 | 
r 
(11) 
+4 [uà(a4- b) -2(d-4-7) — 2(a4-b)] 
in which a and b are the sides of the rectangle and d its diagonal. 
7. Triangle 
(a) Right triangle. 
The following formula gives a degree of accuracy amply suffi- 
cient for all practical purposes. 


L E | ООВ 4a?b? IE b(c—b) 
=a} — 10 Og ————— — 10 
C Ё b(c+b) SL deny C Р а(с+а) (12) 


"T 4a?b? |+ [ a?b?c? ] 
О ж — ———MM = e— 
: r?(c +b)? Te r?(a? 4- c?) (D? -- c?) 
(Bashenofi/' 


(b) Equal-leg right triangle. 
This formula is easily derived (see below) 


2l 
L -2l log ——3.331] (13) 
Т 


in which [ is the perimeter of the triangle. 


6 For the derivation of formula (12) see Jahrb. draht. Tel. 1926, RUM 27, 
по. 4 апа “Transactions of the State Electrical Research Institute (? 
cow) publ. 14. 
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8. Quadrilateral (trapezium) 
Of definite shape (Fig. 3). | 


2l 

D=2] og —-3.227- 4| (14) 
T 

(Starik).” 


РНР ИИИНИН у 


PHONE: ist — таны 


= —-— -——- 


Figure 3 


B. GENERAL FORMULA FOR A PLANE POLYGONAL FIGURE 
Havina No REENTRANT ANGLES, INCLUDING 
OBLIQUE-ANGLED TRIANGLES 


1st Method 


The approximate method of computing the inductance of such 
polygonal figures is based on the author's assumption,’ that the 
inductance of an oblique-angled triangle or another plane figure 
must, practically, be very nearly equal to the inductance of а 
right triangle, having perimeter and area equal to those of the 
given plane figure. 

Indeed, in selecting an equivalent simple figure whose in- 
ductance shall approximate that of the actual (more complicated) 
figure, the most important condition to be satisfied is that of 
equal perimeter. This insures that the sum of the self inductances 
of the various wires of which the figure is composed shall be nearly 
the same both in the actual and the equivalent figures. 


7 Formula (14) was derived by Mr. Starik, by summation of the self and 
экен inductances of all the elements, using the well-known formula given 
below 


AVES Ramen A mrur ug “le ызы лиг» ff tind Ө re 


Le Ain V ALE A ге оте ж оза шад оле аг 1 UE 
RL МУЛ OA SUA MEATERELELU. ету тезе IT Ue 
f£ Lt uL oL VITALIS TEADET, terran Of IUe lLDoT9no дизе Ср Сї 
fg ote. "Toe rr utu ind ane fF any рыт of fleece x prosor 
ie teases tie сә are ретт, and the mere тене иы е. 
tracy are, am, the tutus, eerta wll Le aroma. 


int artt by Иприт tte further enzisien what e gene if 
the actual and the d usd je etin be tle sate. I 


MU b үү "s than half Vs value mo tbe ss ct та 
wf inductanee& of the wires, this seeond eondiiez ds тел Ж 


l'igure 3a 


important ns Chat of equal perimeter. In those cases where both 
conditions cannot be simultaneously satisfied, that of equal 
perimeter should be chosen, and the area of the equivalent figure 
should be taken as nearly equal to that of the actual figure as 
possible, ‘This amounts to imposing the condition that the right 
trinngle of equal perimeter shall have equal legs. 

With this assumption formula (12) may be used, substituting 
for a, b, nnd c the values found in replacing the given figure by а 
right trinngle of equal perimeter and area; the sides а and b of 
tho right angle of this equivalent right triangle are expressed by 


Tm m (13) 


p TES '— 328 
y cp mE TU — tz 
gu pae 
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ile) ym] on 


in which S is the area and l the perimeter of the figure. 
This replacement is possible only for figures for which there 


exists between l and S the following relation 


l 
— — 2 4.8284 (17) 
S 


If the perimeter l and the area S of the figure satisfy the ex- 
pression | 


<4.8284 (18) 
S 
1t is necessary to resort to a roughly approximate method of cal- 
culation, using formula (14), in which a is one of the legs of the 
equal-leg right triangle which has а perimeter equal to that of the 
given plane figure. 
Such & triangle always exists and its sides are determined by 


the following formulas: 
l 


"ату "Uva 


This approximation method (formulas (18) and (19)) gives 
generally a lower value than the measured value by 5 to 20 per cent. 
In general, the more the ratio [/4/s for a given figure falls short 
of 4.8284 the more the calculated value of l exceeds its true value. 

Dr. Grover has suggested to me the possibility of extending the 
range of values of the ratio l/4/s for which an equivalent figure 
may be found. If, instead of a triangle, a rectangle be sought which 
shall be equivalent to the given figure, it is found that the con- 
ditions of equal area and perimeter may be satisfied, provided that 
the ratio 1/\/з is not less than 4. Thus for values of l/ V's between 
4 and 4.8284 more accurate values of the inductance are obtained 
if а rectangle of equal perimeter апа equal area be used as the 
equivalent figure, than when an equal-leg right-angled triangle of 
equal perimeter is employed. For values of 1/4/s2: 4.8284 the use 
of the equivalent right triangle is to be recommended. 

Ав an illustration of these points Dr. Grover has communicated 
to me а calculation of the inductance of one of the antenna forms 
described in one of my former papers,’ viz., one of the Lübertzy 


(19) 
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closed aerials, shown in Fig. 4, for which the perimeter is 370.9 
meters and the area is 6658.5 square meters. 

The accurate value of the inductance was obtained by sum- 
mation of the self inductances of the different elements (using the 
well-known formula for the self inductance of a straight wire) and 
the mutual inductances of the various pairs of filaments. These 
mutual inductances can be calculated by the general formulas of 
Martens® or Campbell.® The calculations were not difficult but 
rather long and tedious on account of the number of mutual 
inductances to be calculated. The value found (not including 
internal linkages) is 720140. 


Figure 4 


The following table shows the values obtained from the differ- 
ent approximations. 


TABLE I 
l 
{ — a b € 
үз 
m a me ERN MEME. 

True Value 720140 4.546 
Equivalent Rectangle 722040 4.546 136.76 48.68 
Equilateral Triangle 714050 4.559 123.63 
Equal-Leg Right Triangle 704200 | 4.828 108.64 108.64 153.6 
Regular Hexagon 755455 3.722 61.83 


The rectangle is the only figure for which both the perimeter 
and the area can be made equal to those of the given figure, al- 
though the equilateral triangle of the same perimeter has nearly 
the correct area in this case. The area of the equal-leg right triangle 
of the given perimeter is considerably smaller than that of the 
given figure, and a too small inductance is to be expected. The 
regular hexagon of equal perimeter has an area considerably t00 
large, and thus an inductance too large is to be expected. We s€ 
that these differences are in the opposite direction to the values 0 
the ratio l/4/s. For this example the equivalent rectangle 8° 
an approximation which is amply sufficient. 


§ Martens Ann. der Phys., 29, 963; 1909. 
? Campbell, Phys. Rev., June 1915. 
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Figure 5 
2nd Method 
The following formula is taken as a basis for solving the 
problem | | TL. 
L= 1+ У, Mi (20) 
tol i=1 Каз] 


in which L; is the coefficient of self-induction for one of the sides 
of the polygon; M,,—coefficient of mutual induction between 
sides (7, k) of the same polygon. | 

As is well known, for a straight wire (using the same symbols) 


2l 
L- 2l log —— 2] 
r 


(Neumann) 


As to M 4 for parallel wires, the distance between which is d 


пура 


M=2 E log -У +] (22) 


If l is large as compared with d 
2l d 


For wires l, and lz, intersecting at an angle e 


йа, 
м= f f ш (24) 
nu E 
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in which formula dl, and di; are elements of the wires l, and |;, 
and R—the distance between dl, and dle. 
Lastly, if the wires do not intersect (see Fig. 5) 


МАв= Mos — Мор-+{ Мос — Мов (25) 
ср ор OA OA oc 
Integrating (24), 
: . .C—acose 
= — соз 4 (a+b) arc sin ЛВ--а. arc sin Àh—————— 

a sin e 

(26) 
. .a—bcose 
+b arc sin pet 
sin е 
(Starik) 
or, substituting | m=—; -cotan e. 
a 
| . .m— cose 
= — а cos ed (Í 4-7) arc sin R8B+ arc sin h ———— 
sin e 
(27) 
. . 1—-mcose 
+m arc sin h ——— b= —a - cose тд 

m sin e (Starik)." 


It follows that M is equal to the length of one of the sides 
multiplied by a certain function of the ratio of the sides and the 
angle between them. By plotting this function the computation 
of the coefficient of mutual induction of each pair of intersecting 
wires 18 greatly simplified. 

The calculation of the inductance of a plane polygonal figure 
may thus be made by formula (20) by calculating the self-induct- 
ance of the straight wires by (21) and the mutual inductances 
between them by formulas (22-27). 

The calculation of L for a polygonal figure by the above method 
is rather long, аз it requires a number of preliminary calculations. 
The author and one of his pupils, Mr. Starik, propose the following 
practical approximate method of computing the inductance. 

The first term in the right side of the expression (20) takes into 
account the self-inductances of the sides of the polygon. We 
suppose the sum of these terms to be a function of l and l/r only 
and that they can be expressed as the self-inductance of a straight 
wire having the same radius of section and a length equal to the 


10 For the same solution, but in another form, see Mesny: “L’Ussge des 
Cadres et la Radiogoniometrie.”’ 
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perimeter of the figure. Then, the first term in the right side of 
the expression (20) can be written" as: 


21 i 
ZL;- 2 log ——l1+ zy (28) 
r 


in which, as before, uô is a correction for frequency. It follows 
that for а given frequency and wire material 


l 
21-0) (29) 


The second term ір (20), expressed in its most general form (27) 
18 
>М;„=Ўа&/(е;, miu) = 21у (30) 
in which y for a given shape (1.e., for all similar figures having the 
same є and M ;,=ai/ak) is a constant. | 
For any plane polygonal figure in general we have, accordingly, 


2l 21 
L=2i{ log ——1+ub-+v) = zog —— ak-+u8 . (31) 
T r 


in which a, for a figure of given shape (definite є and m; =ai/ak) 
is a constant. 

Between two figures of equal perimeter and equal radius of 
wire according to (31) there can exist, at the same frequency f, 
only a difference in the parameter a,. The value of the parameter 
a, in its turn, as follows from the proposition set down above, 
must be the same for all figures with equal Ї/\/з when their 

11 The formula (28) is, of course, approximate, since it does not represent 


accurately the sum of the inductances of the sides. For example, for a triangle 
of sides a, b, c, the expression for the sum of the self inductances of the sides: 


2a 2b 
2c 
+2c( log 2—1 +u) (28a) 
l 
is not the same as 2i(log——1 +18), where [=a+b+c. The quantity 


21 
2i(log — 1-44) is the self inductance of a straight round wire of length / 


and this is accurately equal to 
Lat Dy Lo42M 22 42M 42M (28b) 
in which the elements a, b, c all lie in the same straight line. 
However, the equation (31) below is of the correct form to represent the 


inductance of any plane polygonal figure, if only the value of a, can be properly 
(experimentally) determined. 
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perimeters are equal, i.e., the parameter a, is a function of this 
ratio only. 
C. VERIFICATION OF THE PRINCIPLES oF SECTION B 


Let us verify the validity of the principles stated in Section B 
by applying them to the special formulas given in section A. It must 
be noted to begin with that the assumptions made above limit 
the accuracy obtainable in applying the general formula (31); the 
aim of the latter is, however, to obtain approximate values having 
a sufficient degree of accuracy in practice for calculating closed 
aerials. 

In closed aerials r/a is always small as compared to log a/r; 
r (radius of the wire) very rarely exceeds 0.25 cm.; a (radius of 
the circle, side of the regular polygon, leg of equal-leg right triangle 
etc.) is, on the contrary, never less than 100 cm. The value of r/a 
is consequently always less than 0.0025, and may be certainly 
regarded as negligible in comparison with log a/r (which, under 
limitations just specified, is always >5.99). The corresponding 
difference of value does not exceed 0.4 per cent. We may certainly 
with still more right neglect the second and higher powers of the 
ratio r/a. 

The special formulas of Section A, omitting the terms of the 
order of r/a, can be written as follows: 


1. Circle 


L= 21{ tog ——2. 451+ (32) 


2. Square 


| 
L= 214 tog ——2. S59 | (33) 
3. Equilateral triangle 
L= =21{ tog T 3. 197 +15} 
4. Regular hexagon 
L= 21{ tog ——2 взема 


5. Regular octagon 


(, 2! 
L=2l? log — —2.5610-- uà 
r 


l 


Bashenoff: Calculating the Inductance of Round Wire 1027 


6. Polygon of the type shown in Fig. 8 

L- 30 tog — 3.227498] (14) 
7. Equal-leg right triangle 

L=21{ og  —3.332- 948] (37) 


8. Regular pentagon (a new formula derived by Dr. Grover) 
with l/4/s— 3.812 


2l 
L — 2l (002 —2.п2+,) (37а) 


9. Quadrilateral of the type shown in Fig. 8а (a=(/2/4), 
1=0.353551; b= (2—+/2)/4, 1=0.146451) (derived by Dr. Grover) 


2l 
L — 2l (= — 3.091+ а) (37b) 
r 


l 
Using formulas (32-37), we can draw the curve а, = e 
i 8 
in which a, = 1 — y, by plotting the points for the above nine figures, 


l 
for which the value of the ratio v is well-known. 
8 


The curve Fig. 6 was obtained in this manner. Further details 
of its construction are given below in Section D. From the curve, 
a, can be read with sufficient approximation for a given ratio 
l/4/s and by using the value thus found in formula (31) the in- 
ductance can be calculated. 

Аз to the quantity uó found by means of a curve (Fig. I) in 
which it is given as а function of т, the expression (5) in the case, 
most often met with, of а copper wire at 20 deg. C, goes over 
into 

1—0.2142r V f (38) 


This expression сап be plotted in а nomogram (an abac) which 
makes practical calculations easier. 

In practical calculations of closed aerials, constructed nearly 
always of non-magnetic metals u—1. The wire being of com- 
paratively large section (d20.2 em.), z20.2142r/f (for copper 
at 20 deg. C) gives numerical values of 23 and more, even when 
A = 25000 m (f=12000). Consequently 6 and uô (at д=1) in 
Fig. 1 have values of about 0.03 or less. In closed aerials log 21/r 
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has nearly always a larger value than 6 so that it follows that 
we can neglect uó in wireless practice with a degree of accuracy 
never below a fraction of one per cent, provided we are interested 
in knowing the inductance for radio frequencies only. Thus the 
formula for the inductance of any plane figure at radio-frequencies 
is finally expressed by 


21 
L 221 log LM 3 (39) 
T 


in which Гіз the perimeter and a, is a function of only i/4/s and is 


taken from the curve in Fig. 6. 


It is clear from formula (31), that the total change in the 
value of the inductance of a figure depends upon the value of 
ratio-perimeter to radius of cross section and value of pd; e.g. 
for а wire of а length 50 times that of its radius, the inductance 
is diminished only 6 per cent when the frequency changes from 
zero to infinity; for a wire with the ratio l/r = 200000 when the . 
frequency change in the same limits, AL, is only 2 per cent. 

The above formulas cover the calculation of all practical types 
of single-turn closed aerials. It should be noted, however, that 
figures having sharply reéntrant angles cannot be so calculated. 
This can be seen from Table II, which gives the measured values 
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of the inductance found for certain: irregular figures having 
reéntrant angles, together with values of the inductance calculated 
by formula. (35) and curve 6. 


TABLE II 
Figure Perimeter Area 1, calc. from 
(see Fig. 7) |  ——————————————.— l L (35) and AL in per 

ox of figure — measured curve (6) cent 
j cm cm? va 
1 2314 156000 5.43 43000 35090 — 18.04 
2 4000 454500 5.93 62500 60975 — 2.44 
3 4106 304500 7.54 59000 56925 — 3,52 
4 4332 154500 11.03 37500 43945 —23.6 
5 { 4 4332 454500 6.42 64500 64650. + 0.23 


Figure 7 


D. FINAL CONCLUSIONS ON THE CALCULATION OF THE ÍN- 
DUCTANCE OF SINGLE-TURN CLOSED AERIALS 


Of the two methods of calculation proposed in Section B, the 
second is, naturally, to be preferred as the more simple. It gives 
in general the same degree of accuracy as the first. Thus, the 
general formula for the calculation of the inductance of single- 
turn closed aerials and, in general, plane figures having no re- 
éntrant angles, the value of 7/1 being small, will be taken as 


2l 
L-2(log ait) | (31) 
T 


in which l is the perimeter of the figure r, radius of the wire; 
y, magnetic permeability of the wire material; б, a correction factor 
for frequency, determined in turn by formula (5) and the curve 
in Fig. 1; а, а constant, being a function of i/4/s and taken 
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TABLE III 
l 
Point number Type of figure EM Gk Source 

г 
1 -Circle 3.545 2.451 | Formulas (4) and (32) 
2 Regular octagon 3.641 2.561 Formulas (10a) and (38) 
3 Regular pexagon 3.722 2.636 Formulas (9a) and (35) 
4 Squa 4.000 2.853 Formulas (6) and (33) 
5 Equilateral triangle 4.559 3.197 Formulas (8а) and (34) 
6 ight trian! 4.828 3.331 Formulas (13) and (37) 

е 
7 Quadrilateral ig. 3. 4.38 3.227 Formula (14) 
8 egular pentagon 3.812 2.712 Formula (37a) 
9 Suadrilateral of 4.395 3 Formula (37b) 
a 
10 3.116 Exact solution for L taken 


1g 
Irregular pentagon 4.546 
Fig. 4 with (31) to solve for ex 


from the curve in Fig. 6. The plotting of this curve becomes 
accordingly a matter of special interest. 

The above pairs of values of a, and Ї/\/з were — The 
points are indicated in Fig. 6 by the same numbers as those here 
given. 


Figure S 
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Fig. 6 shows the curve plotted by the above method. The 


values of a, for this curve up to ——-4 coincide completely 
8 


with the theoretical values; further, up to —-=4.828 the curve 
8 


is drawn through points giving sufficiently accurate values (better 
than 1 per cent). The part of this curve beyond the abscissa value 


l 
—— = 4.8284 is plotted by extrapolation, and is, of course, only 
; | 


a rough approximation. Table IV shows the results of & com- 
parison and measured values” of the inductance for many an- 
tennas, the sizes and shapes of which are shown in Fig. 8. 


TABLE IV 
l Radius L L AL 
Closed aerials Per- | Агеа | — of ———|————|рег cent 
imeter vs Wire |measur. | calcul. 
1 Warsaw 285 | 3705| 4.68 0.2 552000 | 546950 | —0.92 
2 Nauen 310 | 4373| 4.68 0.2 606000 | 605500 | —0.03 
3 San-Paolo . 315 | 4315| 4.794 0.2 609000 | 604610 | —0.72 
4 Paris I 160 | 1593| 1.00 0.2 307700 | 300160 | —2.45 
51 The closed aerials | South 275 | 4525| 4.08 0.2 565000 | 542620 | —3.96 
6| of Lübertzy's | TashkendI 304 | 4816} 4.38 0.2 595000 | 594440 | —0.6 
7| radio receiving (S-E. 335 | 5736| 4.42 0.2 685000 | 670430 |—1.56 
S'station near Mos- | Carnarvon I| 220 | 2794| 4.17 0.2 445000 | 421650 | 25.25 
9icow (Types 1920 | Carnarvon II} 375 | 5565| 4.89 0.2 753000 | 729525 | —3.12 
10 ~1924) Paris II 370 | 5035] 5.2 0.2 740000 | 705300 | —4.32 
11 Tashkend II} 350 | 5005| 4.95 0.2 695000 | 673960 | —3.02 
12 America 385 | 6234| 4.87 0.2 755000 | 751675 | —4.24 
13 West 330 | 4352| 5.00 0.2 666000 | 630300 |—5.35 
14| The isosceles triangle 45.2 85| 4.9 0.2 81000 75025 | 27.37 
15| The irregular quadrilateral 44.9 101| 4.46 0.2 76500 76435 | —0.035 
16| The irregular quadrilateral 61.4 158| 4.58 0.2 101000 | 105790 |4-1.7 
17| The irregular quadrilateral 57.85| 152| 4.69 0.2 100000 | 100025 |4 0.02 
18| The irregular quadrilateral 54.3 141| 4.57 0.2 95000 935865 | —1.19 
19| The irregular quadrilateral 50.7 135) 4.365 0.2 89000 85105 | —1.00 
20, The irregular quadrilateral 47.2 122| 4.275 0.2 83000 81815 |—1.43 
21| The irregular pentagon 145 1175| 4.23 0.2 275000 | 284750 | —3.51 
22| The irregular pentagon 52.12) 17| 3.31 0.2 95000 94775 | 3.29 
23| The irregular quadrilateral 45.94] 115| 4.28 0.2 75100 79385 | +5.7 
24| The right triangle 15.92| 9.*6| 5.07 0.04 25500 25820 |+1.25 
25| The rectangle 70 150; 5.71 0.1 121500 | 116970 | 23.73 
26| The Marconi d. f. aerial 97.5 330) 5.37 | 0.1 | 164000 | 172535 |+5.2 


AL,, per cent =mean value for 26 examples = —1.39 per cent 


The fact that on the average the calculated value of the in- 
ductance is smaller than the measured value in the above instances 
is probably to be attributed to the fact that the measured values 
include the inductance of the lead wires from the measuring 
apparatus to the aerial. This could readily account for the differ- 
ence above. | 


13 Al] measurements of inductance were made w.th & Siemens and Halske 
low-frequency bridge using standard coils of 10°, 10°, and 10? em. by the same 
firm. The mean accuracy of the measurements was about 0.5 per cent for 
inside work and about one percent for outside work. Calculations were 
generally made with а 25 cin. slide-rule. 
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Limits OF APPLICABILITY OF FORMULA (31) 


The one approximation? used in deriving the expression (31) 
was the neglecting of terms of the order of r/l (first and higher 
powers), which are small in comparison with the main terms. 
It is just these quantities by which the formulas (1, 6, 8, 9, 10) 
and those forming a basis for deriving formula (31), i.e., formulas 
(32, 33, 34, 35, 36) differ. It follows that the limits of applicability 
of formula (31) are determined by the relative importance of values 
of the order of r/l and the remaining terms in the parenthesis of 
formula (31). Formulas (6, 8, 9, 10) for regular polygons differ 
from the approximate formulas (33, 34, 35, 36) in that to the 
expression for the inductance deduced from the fundamental 
formulas on which is based our curve (6), the quantity 2nr is 
to be added (in this, n is the number of sides of the polygon). 
In analogy to the square, formulas (6) and (33), it may be supposed 
that the accurate formulas should contain, in the factor in brackets, 
а term of the order of 7/1, if we did not neglect quantities of the 
order of r/l to simplify the integration. This quantity must, 
similarly, figure in formula (31). The value of this correction for 
a figure of any shape remains as yet undetermined. For regular 
figures formula (31) may be probably made a closer approximation 

n 
by introducing into the brackets the term r-—. Then the 
l 


13 Dr. Grover has been so kind as to check more in detail the assumption 
on which the derivation of formula (31) has been based, that the value of «: 


із а function of = only. Ав а result of his analysis he has pointed out that 
in general the values of a, given by the curve of Fig. 6 are only approximations 
and that the constant a, although a function of 77 in every case i$ also 
dependent upon the type of polygon in question; that is, ax is not the same 4 


different types of figure, even though they have the same value of S 


1 
Dr. Grover has plotted a, as a function of — for triangles different {Уе 
8 


The points all lie оп the same curve, which is the same as that determined b 
oo 5and6inFigure6. Thecurve calculated for rectangles, on the contrary, 
eaves this curve at the point 4, and runs below it, diverging gradually '° 


l 
greater values of E 


In conclusion, however, Dr. Grover believes that the second method of 
calculating the inductance (formula 31) is capable of giving numerical values 
with an error not greater than a few per cent and because of its convenience ^ 
to be recommended as a valuable simplification for routine calculations of the 
inductance of irregular plane polygons of round wire. 
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formula for all regular figures will read: 
79! n 
L=2i(log—— a1 tud-+r~) (81а) 
т 


Taking the square as an example, the limits of applicability 
of formula (31) have been found, as well as the error resulting in 
using formula (31) instead of the exact formula (16) for the square. 
For various l/r ratios a correction in per cent is obtained (see 


53,5% 


Figure 9 


curves in Fig. 9). (The calculations have been made for the most 
disadvantageous case (radio frequency) when иё =0.) The value 
found from (31) must be augmented by just this quantity to 
obtain a more accurate expression for the inductance of a square 
of given dimensions. There is good reason to suppose that the 
value of this correction in per cent remains constant for all other 
figures. If so, our formula (31) with the addition of the correction 
A in per cent (from Fig. 9) will be true for all figures, all frequencies, 
and all values of l/r: 


2l 
гова) а+а) . (31b) 
r 


This correction curve confirms the opinion we have expressed 
(Section B) that in all calculations of closed aerials (1/7> 500) 
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the correction in per cent may be neglected, the error not exceeding 
in the most disadvantageous conditions 0.1 per cent. 

The advantage in using in calculations the simple formula (31) 
can be increased still more if we construct abacs for every term 
contained in the brackets of the expressions (31) or (31b). 

(1) If the value of Т, is to be determined for high-frequencies 
only, the formula may be transformed into 


L= a( a ) (39) 


2 means of the abac (see Fig. 10) we find the value of 
-= l 
log =f (— ) and by means of curve (6) we determine а, =} (z) 


аы the second value from the first and multiplying the 
difference D by the quantity 21 (all in cm.) we obtain (also in cm.) 
_ the required value of the inductance. 

(2) To find the inductance for low frequency (uô) we read in 
the nomogram (Fig. 11) the perimeter x, for given f (or А) andr 
and obtain from the curve in Fig. 1 the corresponding value for 
5=f(x). Multiplying the last by и we add the product to the 
difference D found above. Multiplying the resulting sum by 2l 
we obtain the required value of the inductance at the given fre- 
quency. 

(3) Lastly, when formula (31b) is applied to general calculs- 
tions in electrical engineering or physics, for any possible value of 
the ratio 1/7, a correction must be made; this is obtained from 


l 
the curve in Fig. 9:Д = (+) The value of A (divided by 100) 
r 


corresponding to the given l/r is to be added to 1 and the result 
found above in (1) or in (2) is to be multiplied by this sum. 

(4) This formula is completely applicable to curvelinear 
figures (ellipse etc.); until now there have been no methods and 
formulas for these cases (excepting, of course, for the circle). It 
is likely that these formulas are applicable to the calculation ° 
the inductance of power lines, etc., at least for one phase. The 
author is continuing work in this direction. 

(5) As to the application of these formulas in the deduction 
of which the quasi-stationary condition is assumed to the case ° 
high frequency currents in long wires (aerials) they are valuable 
to the cases of a normal working (sending or receiving) when thë 
natural wavelength of the antenna has been increased to 8 length 
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more than twice as great by the insertion of coils or condensers. 
Otherwise our formulas give only the static inductance, from 
which one must find the effective (dynamic) inductance. 

There was made one comparison between the effective (dynamic) 
value of L (measured with Behnken’s method) and L calculated 
with the above formula (31). The isosceles triangle had the dimen- 
sions: a=b=7.12 m.; c=9.88 m.; the leads’ length was 6 m. 
For wavelengths 1= 250 m. and 1=600 m., the differences between 
L measur. and L calcul. were 2.82 per cent and 2.61 per cent 
respectively. 


Figure 12— General View of Lubertzy's Mean Receiving Station (Construction 
: of 1924) 


In conclusion I wish to express my heartiest thanks to Professor 
M. V. Schuleikin, of Moscow, and to Professor F. W. Grover, 
of Washington, for helpful suggestions during this work. The 
latter has given assistance in the revision of the English copy of 
the manuscript. 

The measurements were made in the Radio Department of 
the State Electrical Research Institute with the help of the 
Department's staff. To those who took part I offer my warmest 
thanks; especially I am obliged to M. E. Starik, electrical engineer, 
and N. К. Swistoff, student, who besides their work in the measure- 
ments afforded me very real help by making some of the cal- 
culations. | 
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SUMMARY 


The article contains the first part of an investigation on the 
design and use of closed aerials (calculation of the inductance for 
single-turn aerials). Two methods are given for determining the 
inductance for closed aerials and, in general, plane figures of any 
shape, having no reéntrant angles. The first method is based on 
the author’s supposition of the practical equivalence of the in- 
ductance of any figure and the inductance of a right triangle or 
rectangle, having area and perimeter equal to those of the given 
figure. The second method is a development of the basic assump- 
tion of the first, and results in the derivation of a simple formula 
for all possible figures, including curved ones. 

Numerous tests of the correctness of both methods by practical 
measurements on closed aerials with a height of the point of 
support from 65 down to 2 meters have fully confirmed the 
author’s conclusions. 


Appendix 


Dr. Grover has communicated the following formula for the 
inductance of any type of triangle, which we publish with his 
permission. The lengths of the sides of the triangle are taken - 
to be a, b, and c. 


2a 2b |. 2c 
L=2 а log —+b log —+ clog ——(a+b+c) (40) 
r r r 


с? > а? а? +b — 
— (b+c) arcsin h is -— (a+b) are sinh ————-— 
0 


2-2 
—(a+c) aresinh а | 
0 
where 02 = 2(а2с24- a7b?+ b’c?) — a* — b* — с. 
The same formula for the case of ап isosceles triangle (the 
sides: a, a, and c) takes the form: 


2a 2c . 2a? — c? 
L=2 2a log — + c log —— (2a4- c) — 2а arc sin h —--——— 
r r су 4a? — c 
C 
—2(a саяп h—______ 41 
Ei Te = 


Finally for a right triangle this general formula (40) transforms 
itself in the following one: 


ire 
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2a 2b 2c 
L=2 a log —+5 log —+ c log ——(a+b-+c) 
r r T (42) 
. a , b 
— (a+c) аге sin h ra (b+c) arc sin h 4 
a 


Passing from hyperbolic functions to usual geometrical, the 
last formula can be written in the form 


a(c— wn log 4a?b? Е 1 
b(b+c) r?(c+a)? 
+ E log ш +log ECL — 2] (43) 
c a(c+a) r?(c+b)? 

4a?b?c? 
r*(a? + ac) (P 4- bc) i 2| 


a 
L= a| = log 
c 


+ d| log 


r or r 
In these formulas terms in —, pu and — have been neglected. 
a с 


They do not include the internal linkages uó. Our earlier formula 
(12) gives values a little different from (43), the values being in 
general a little larger. Although a comparison of the inductances 
of the aerials shown in Table V makes clear that the inductances 
calculated by (12) are in good agreement with the measured values 
(at least for the larger aerials), the author believes that Dr. 
Grover’s formulas (40) to (43) are a little more accurate, since 
the neglected quantities are smaller than those neglected in (12). 


PIEZO-ELECTRIC RESONANCE AND OSCILLATORY 
PHENOMENA WITH FLEXURAL VIBRATIONS 
IN QUARTZ PLATES 


By 


J. К. Harrison 
(Wesleyan University, Middletown, Connecticut.) 


The resonating and oscillatory effects of piezo-electric crystals 
were first described by Cady.! It is well-known that a rectangular 
plate cut from a quartz crystal having length l, breadth b, 
and thickness e, parallel respectively to the Y axis, Z (optic) 
axis and X (electric) axis has three fundamental natural fre- 
quencies as determined by these dimensions with a series of over- 
tones for each. The length J of the crystal determines the fre- 
quency for the ‘‘transverse effect,” the thickness e, that for the 
"longitudinal effect" and the breadth b, a third vibration fre- 
quency.? Each effect is due to a compressional wave traveling in 
one of the three respective dimensions of the crystal. In 
each case the electromagnetic wavelength corresponding to the 
frequency of the vibration is of the order of 110 meters per 
millimeter of crystal in the direction concerned. 

In the course of some recent investigations with quartz plates : 
it was found possible to excite plates into resonance at a frequency 
considerably lower than that of the transverse fundamental.’ 
The transverse fundamental was the lowest frequency hitherto 
obtained in any quartz resonator as will be seen. This new piezo- 
electric resonance reaction has been found to be due to a flexural 
vibration in the length-breadth plane of the crystal, which 1s 
illustrated in Fig. 1, in which n, n represent the nodes which are 
0.22 l from the ends of the bar. When the electric field is applied 
in a manner herein explained, the stresses are such as to tend to 
make the crystal assume a shape as shown by the dotted lines. 
A reversal of the polarity of the applied field reverses the mechant- 
cal stresses so that the crystal edges will now be concave upward. 
An alternating electric field causes a rapid series of these concave 
upward and downward positions, the period of which is determine 

1 W, G. Cady, Proc. I. R. E., 10, pp. 83-114, 1922. J.O.S. and R.S.I., РР: 
475-489, 1925. 

? A. Hund, Proc. I. R. E., 14, pp. 455-456, 1926. 


з Preliminary reports of this work have appeared in The Physical Revie 
29, p. 366, 1927, and 29, p. 617. 1927. 
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-by the frequency of the applied electromotive-force. Resonance 
effects are obtained with this flexural mode of vibration exactly 
analogous to those obtained for the three simple modes due to 
compressional waves in the quartz. The response frequencies that 
have been obtained for several crystals are shown in Table I. 


TABLE I | 

Crystal Length Breadth Thickness Flexure Transverse Flexure Transverse 

Fundamental Fundamental 
mm. mm. mm. kcs. kes. meters meters 
El 40.03 10.04 0.603 29.70 64.5 10100 4650 
E2 40.03 10.05 0.617 30.0 67.8 10000 4430 
E5 30.06 10.10 1.11 51.4 93.0 5550 3220 
E6 30.06 10.10 1.12 50.9 02.2 5900 3250 
W2 3.90 2.00 1.10 4,920. 6,990. 610 430 
HAI5 21.72 2.90 1.32 33.6 128. . 8920 2350 


Figure 1 —Flexural vibrations in the length-breadth plane showing nodes n, n 


The frequency of a thin bar vibrating with any mode of flexural 
vibration is determined by the equation:* 


_ mk ys " 
әт] 
where N is the frequency, k the radius of gyration, | the length, 


q Young's modulus, d density, and m a constant depending upon 
the mode of flexural vibration. 


k : 2 

M . (2) 
where Г is the moment of inertia of a cross section about a trans- 
verse axis through its center and M is the mass of the bar. Equa- 
tion (1) holds accurately for flexural vibrations in the length- 
thickness plane so long as the thickness is small, but is equally 
applicable to flexural vibrations in the length-breadth plane for 
a bar whose breadth is small in comparison to its length. In this 
latter case the moment of inertia is taken about & transverse axis 
through its center: 1 
I=—Mb? (3) 

12 


4 Barton, "Text-Book on Sound,” p. 281 et. seq. or Horace Lamb, “Dynam- 
ical Theory of Sound,” p. 122 et. seq. 
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where ф 1s the breadth of the bar. Substituting the values in (1) 
determined by equations (2) and (3), m=4.73 for the first mode 
of flexural vibration and the constants for quartz d=2.654 grams 
per cubic centimeter, q—7.85X 10!!,*5 the frequency for flexural 
vibrations in the length-breadth plane of a quartz bar is: 


boc 
N= Uer X105 or (4) 


2 


A = 518— 5 
| (5) 


where А is the electromagnetic wavelength in meters corresponding 
to the frequency N, l and b are the length and breadth of the bar 
in centimeters, respectively. 

Comparison of the observed frequency of flexural vibration 
with that computed from equation (4) shows a large discrepancy 
with bars in which the ratio of length to breadth is not large, just 
as would be expected. A series of tests were accordingly made to 
find the relation between the response frequency on the first 
flexural mode and the physical dimensions of the bar. Table II 
shows the results of a series of measurements taken on several 
plates of practically the same length and breadth but of different 
thicknesses. This conclusively shows that the response frequency 
of the crystal is independent of the thickness as it should be 
according to the theory. 

In this Table II the transverse fundamental frequencies (longi- 
tudinal vibration) and the corresponding wavelengths have also 
been recorded for the eight plates. Аз would be expected from 
theorv the thickness has not an appreciable effect. 


TABLE Il 
Frequency Wavelength 
Crystal Length Breadth Thickness Flexural Transverse Flexural Transverse 
Fundamental Fundamental 
mm mim mm kcs. kcs. meters meters 
Al 28.62 9.65 1.044 53.8 96.8 5580 3100 
A2 28.48 9.65 1.053 53.3 96.5 5640 3120 
A3 28.62 9.65 1.999 53.3 96.5 5630 3120 
At 28.62 9.66 2.015 52.6 95.6 5700 3140 
А5 28.60 9.65 4.257 53.5 95.3 5620 3150 
Аб 28.64 9.66 4.256 52.6 95.0 5700 3160 
A7 28.256 9.63 2.907 53.3 95.8 5640 3130 
АЗ 25.64 9.63 3.557 52.6 96.8 5700 3100 


5 This value of Young's modulus was computed from the mean value of the 
number of meters per millimeter for the transverse fundamental of quartz 
taken from the results of the following observers: Mallet and Terry, Wireless 
World, 16, pp. 631-636, 1925. Giebe and Scheibe, Zeit. f. Physik, 33, рр. 335- 
344, 1925. Cady, Proc. I. К. E., 12, pp. 805-816, 1924. Bureau of Standards, 
Letter Circular, No. 186. 
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Measurements were made of the response frequency for the 
flexural vibration and the transverse fundamental as the length l 
of the crystal was diminished by grinding. Table III gives a typical 
set of tabulated results such as were obtained in this manner for 
several crystals. The observed results agree with those computed 
from equation (4) or (5) only when the ratio of length to 
breadth is large. The logarithmic plot of the length l of the crystal 
against the electromagnetic wavelength corresponding to the ob- 
served flexural response frequency of the crystal is shown in 
Fig. 2 by curve 1 for the results given in Table ПІ.“ The slope of 
this curve 1 is less than would be expected from the theoretical 


Loe 


Figure 2—Logarithmic pes of length of crystal plate against the electro- 
magnetic wavelength corresponding te the response frequency for the 
first mode of flexure and the transverse fundamental, the breadth remain- 
ing constant. 

formula for flexural vibrations (5) the values computed from which 

are shown by curve No. 2 on the same graph. The slope of the 

curve 2 is 2 but curve No. 1 has a slope of only 1.7. This indicates 
that the exponent of the length І for these bars should be 1.7 instead 
of 2 as the theory indicates. Similar measurements were made on 
the variation of the flexural response frequency of a short bar or 
plate as the breadth b was diminished by grinding. Here again 
the numerical value of the exponent is less than that given by the 
flexural theory. From these results an approximate empirical 
formula has been developed which gives much better agreement 
with the observed flexural response frequencies of short bars than 
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the theoretical formula (4). This-formula for the electromagnetic 
wavelength corresponding to the response frequency for flexural 


vibrations in short bars is: , 
[}- 


к=к (6) 
The value of k is nearly a constant for a series of measurements 
such as those given in Table 3 and is approximately equal to the 
constant in equation (5) for all but very short bars. 


TABLE III 
Length! Observed Calculated Observed Calculated Transverse 
іп cms. — Flexure Flexure Flexure „ Flexure Fundamental 
in meters in meters in kilocycles in kilocycles ——————————— 
meters kes 

1 2.89 9900 9850 30.4 30.4 3460 86.7 
2 2.82 9540 9350 31.5 32.1 3200 93.7 
3 2.67 8750 8390 34.3 35.8 2880 2 
4 2.50 8000 7350 37.6 40.8 2680 112.0 
5 2.37 7240 6610 41.5 45.5. 2530 119 
6 2.25 6630 5960 45.3 50.4 2400 125 
7 1.97 5200 4560 57.7 65.8 0 145 
8 1.31 2535 2020 118.3 148.5 1410 213 
9 0.96 1570 1080 191.0 278.0 0 2 


Figure ee oscillator circuit e: large electrode X and small exploring 


electrode Y for locatin (E regions of maximum resonance response in the 
piezo-electric crystal E 


Resonance effects with the new low-frequency vibration were 
strongest when only half of the breadth of the quartz plate was 
enclosed by the metallic electrodes of the crystal mounting. 
When the whole crystal was enclosed by the mounting so that the 
applied electric field was practically uniform over the entire side 
of the plate the response at this frequency was found to be ex- 
tremely faint and in many cases not audible in the phones. 
А simple vacuum-tube oscillator was used in these tests as shown 
in Fig. 3; the coils Lı and L, were loosely coupled. Resonance 
conditions were found by noting the ringing sound or click of the 
crystal as the capacity С, was tuned through the critical frequency. 
In the following work a two-stage audio-frequency amplifier was 
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used in connection with this oscillator circuit to make the method 
sensitive enough for the tests. 

A study was made of the crystal response when very small 
exploring electrodes were placed at different points on the crystal. 
The crystal was placed on a metallic plate the dimensions of which 
were somewhat greater than those of the crystal. The exploring 
electrode Y (Fig. 3) was only 2X22 millimeters square and was 
connected by a very fine wire to the oscillator circuit. The elec- 
trodes were connected to the filament and grid of the vacuum tube 
in the oscillator circuit as shown in Fig. 3. With this exploring 


Figure 4—A Cady type of piezo-electric exits Кет involving no шей 
electrical circuit. 


electrode it was possible to explore the surface of the crystal and 
locate areas of maximum resonance response. These areas were 
indicated by the loudness of the click in the phones as the con- 
denser in the vacuum-tube oscillator circuit was tuned through 
the flexural resonance frequency of the crystal. Maximum response 
regions were found near the upper and lower edges of the crystal, 
especially the central regions AB and CD as indicated in Fig. 3. 
When the exploring electrode was placed in the central part of 
the crystal at such points as E, F, or G the response was found to 
be very weak and in most cases inaudible. Two exploring elec- 
trodes were then connected in parallel and used on the upper side 
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of the crystal, the lower electrode remained as in the previous 
test, with one exploring electrode placed in the region AB and the 
other at CD; no response was heard on tuning through the flexural 
resonance frequency. If both electrodes were placed together in 
either the region AB or CD the response was found just as would 
be expected. 

A crystal mounting was then so designed that the electric field 
was applied to the two areas which were symmetrically disposed 
with respect to the longitudinal axis of the quartz plate and the 
polarities in the quartz were in opposite directions. Such a crystal 
mounting is shown in Figs. 4, 5, and 7. The four metallic electrodes 
A, B, C, and D shown in Fig. 7 are equal to the crystal in length 
and about one-third as wide. The upper and lower electrodes are 
separated by strips of insulating material. Electrode A is con- 


Figure 5—Two examples of the new type of crystal mounting with four 
electrodes for the first mode of flexural vibration. 


nected to D, and B to C, and а binding post provided for each 
pair of electrodes. This same crystal mounting may be used to 
obtain the transverse fundamental and the longitudinal funda- 
mental by connecting electrode А to B and C to D, so that they 
are effectively a single pair of plates. Fig. 5 shows crystal mount- 
ings such as were used in these tests. These were designed for 
plates of the same size and are identical except that one is com- 
pletely enclosed to protect the crystal plate from dust and 
moisture. 


THE Pregzo-ELEcTRIC OSCILLATOR 


The crystal will also function as a piezo-electric oscillator on 
this flexural mode of vibration. Since the crystal mounting consists 
of four metallic plates, either a Cady or Pierce type of circuit 
may be used. One of the types of crystal oscillator circuit described 
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by Cady® furnishes the necessary feedback of energy from output 
to input, to maintain sustained oscillations, through the vibrating 
piezo-electric crystal. To accomplish this the crystal mounting 
contains four electrodes or the equivalent, one pair of electrodes 
being connected to the input and the other pair to the output of 
a thermionic vacuum tube. The crystal mounting for the Pierce’ 
type of oscillator requires but two electrodes or the equivalent 
connected to either grid and filament or grid and plate of the tube. 
The feedback in this case is produced entirely through the inter- 
electrode capacity of the thermionic tube unless a pickup or 
sensitizing coil is connected in series with the crystal. In this 
article crystal mountings are described having as many as twelve 
or more electrodes, but these are so interconnected that they act 
effectively as a mounting of two or four electrodes depending upon 
the type of circuit used. Fig. 4 illustrates this Cady type of circuit, 
as originally used, and involves neither inductance nor capacity, 
since the resistance-coupled amplifier insures sufficient energy to 
maintain the crystai oscillations. Two diagonally opposite elec- 
trodes A and D of the crysta! mounting are connected to the fila- 
ments; the other electrodes B and C are connected to the output 
and input respectively. 
With both Cady and Pierce type of circuit some difficulty is 
usually experienced in obtaining crystal oscillations if but a single 
vacuum tube is used. This trouble may be entirely overcome by 
introducing a pickup? or sensitizing coil in series with the crystal in 
the grid circuit. This method is illustrated in the Cady type of 
circuit by Fig. 6. The pickup coil L, should be loosely coupled to 
the inductance Г’ of the tuned plate circuit. The coupling between 
Lı and L;is made as loose as possible to avoid cracking the crystal 
with excessive power, and also to avoid setting up oscillations not 
of erystal frequency, but due to the electrical constants of the 
circuit alone. Experiments indicate that under these conditions 
the frequency of the oscillator seems to be as constant as for the 
other modes of vibration. With the Pierce type of circuit, Fig. 7, 
one pair of diagonally opposite electrodes of the crystal mounting 
are connected to the grid of the vacuum tube and the other pair 
to the filament. As before in the Cady type of oscillator circuit a 
pickup coil L, is used in series with the ervstal in the grid circuit. 
This type of circuit seems to be most promising for future develop- 
5 W.G. Cady, Proc. I. R. E., 10, p. 112 et seq. 1922. 


тб. W. Pierce, Proc., Amer. Acad. of Arts & Sci., 59, pp. 79-106, 1923. 
* A. Hinderlich, Erperimental Wireless, 4, pp. 29-41, 1927. 


1048 Harrison: Flexural Vibrations in Quarts Plates 


ment since the output power developed is considerably greater than 
that obtainable from the Cady type of circuit and arcing between 
the plates of the crystal mounting is not experienced at normal 
plate voltages as is found to be the case with the former circult. 
A plate of quartz 30x 10X 1 mm. vibrating flexurally at 60 kilo- 
cycles was used in the Pierce circuit as a power oscillator. A type 
UX-210 tube was used with 400 volts on the plate. The observed 
output power was about 0.5 watts, which considering the low fre- 


Figure 6—Piezo-electric flexural oscillator with sensitizing coil Z4 in the grid 
circuit. 

quency compares favorably with the output from crystals vibrat- 

ing at high frequencies.’ 


HIGHER MODES or FLEXURE 


Other modes of flexural vibration of higher frequency and in 
the length-breadth plane of the crystal have also been obtained. 
Resonance effects have been found and regions of maximum 
resonance response determined just as described above with small 
exploring electrodes. To obtain oscillations on these higher modes 
of flexural vibration, it is desirable to use a crystal mounting that 


* A. Crossley, Proc. I. R. E., 15, pp. 9-36, 1927. 
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applies the electric fields in such directions that the resultant 
stresses in the crystal are a maximum. For the second mode of 
flexural vibration the mechanical stresses are such as to make the 
crystal assume the shape shown in Fig. 8. The regions n are nodes. 


Figure 7—I 'ezo-electric flexural oscillator of Pierce{type with sensitizing coil 
L; in grid circuit. 


two of which are 0.12 of the length l from the ends and the third 
is centrally located along l according to theory and roughly con- 
firmed by actual observation. The existence of these nodes is 
quite strikingly illustrated by sprinkling a little lycopodium 
powder on the long edge of the vibrating crystal. The lycopodium | 


will pile up in the nodal regions n showing them to be regions of 
minimum motion. When the regions А and D in the crystal are in 
& state of tension regions B and C will be in compression and 
vice versa. Accordingly the electric field applied to the regions A 
and D should be opposite in direction to that applied at B and C. 
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Crystal mountings which apply the electric fields in this manner 
are illustrated in Figs. 9 and 10. The crystal mounting (Fig. 9) 
consists of eight metallic electrodes S, T, U, V, W, X, Y, andZ 


Figure 9—The upper diagram shows the new crystal mounting of eight 
electrodes for the second mode of flexural vibration. The lower di 
indicates the method of connecting electrodes. The arrows indicate the 
relative direction of the electric field in various portions of the crystal. 

which are slightly less than one-half the crystal in length and 

about one-third as wide. These electrodes are arranged along and 
flush with each long edge of the crystal as shown. The electrodes 

S and V are connected together by a wire as are likewise the follow- 


` Figure 10— Two examples of crystal mountings with eight electrodes for е 
second mode of flexural vibration. Ву properly interconnecting = 


electrodes this may also be used to excite the first mode of flexural vibra- 
tion and various other frequencies by means of the transverse and 1008- 
tudinal effects. 
ing electrodes: Тапа U, X and Y,and W and Z. The pairS and! 
are now connected to the pair X and Y and likewise the pair 7 80 
U are connected to the pair W and Z. These connections are ШИВ” 
trated in the lower part of Fig. 9 where both ends of the crystal 9! 
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the mounting are shown. The direction of the electric field for 
each pair of electrodes is indicated by arrows. In like manner a 
crystal mounting may be designed for the third mode of flexural 
vibration, but four additional electrodes will be required, making 
twelve in all. This type of crystal mounting is indispensable for 
crystal oscillators, but is not necessary for simple resonance effects 
as has been pointed out before. Table 4 gives a typical set of 
data for the frequencies of the first and second modes of flexure and 
of the transverse fundamental as the length is diminished by 
grinding. The equation for the second mode of flexure is identical 
with that for the first mode (equations (5) and (6)) except that a 
new constant m must be introduced (see equation (1)). These 
observations, Table 4, indicate that the frequency increases for all 
modes as the length is diminished. The frequency for the trans- 
verse fundamental increases linearly with diminishing breadth. 
The frequency for the flexural modes increases at a much greater 
rate. The second mode of flexure becomes of higher frequency than 
the transverse fundamental in short bars. 

The only reason for using these flexural vibrations is to extend 
the range of response frequencies obtainable from a crystal plate 
on the low frequency side. The limit of utility is then reached 
when a given mode of flexural vibration is of higher frequency 
than the transverse fundamental. The transverse fundamental 
was the lowest frequency hitherto obtained from a crystal. The 
response frequency for the third mode of flexural vibration is 
usually higher than that of the transverse fundamental except in 
the case of long narrow bars, since then all the flexural response 
frequencies are correspondingly lower. 
| TABLE IV 

uency Wavelength |Transverse 


Freq 
First Mode | Second Mode| Transverse | First Mode | Second Mode| Funda- 
Length | of Flexure | of Flexure |Fundamental| of Flexure | of Flexure | mental 


— — M — | ——— —Ó— | —— | ——— | ———————— |———— || ——— 


mm. kes. kes. kes. meters meters meters 
28.9 30.4 72.0 86.7 9900 4160 3460 
28.2 31.5 75.0 93.7 9540 4000 3200 
26.7 34.3 81.1 104. 8750 3700 2880 
25.0 37.6 92.0 112. 8000 3260 2075 
22.5 45.3 109. 125. 6630 2750 2400 
19.7 57.7 135. 145. 5200 2220 2070 


LuMINOUS PHENOMENA 
Giebe and Scheibe! have recently shown that the resonance 
state of a piezo-electric crystal may be made directly visible under 


10 Giebe and Scheibe, Zeit. f. Physik, 33, pp. 335-344, 1925. Elektrotech. 
Zeit., 47, pp. 380-85, 1926. Н. Kroncke, Wireless World, 17, p. 896, 1925. 
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certain conditions by the luminous glow emitted. With electrodes 
that cover the full length and breadth of the plate, this luminous 
glow is observed in the air gap between the crystal and mounting, 
. when resonance conditions are reached in a partially evacuated 
chamber. Dye! has more recently pointed out that the voltage 
gradient in the quartz is enormously increased when an air gap 
exists between the crystals and the electrodes. The voltage across 
the air gap may be 30 times the voltage applied to the electrodes. 
Under these conditions and with the crystal placed in a suitable 
vacuum a glow discharge may be expected. 

Before making tests for luminous effects with flexural vibra- 
tions, observations were made according to Giebe and Scheibe of 
the crystal glow for the transverse fundamental and its overtones. 
In all these tests the plate was placed flush with one side of the 
crystal mounting, so that but one air gap existed between the two. 
The luminous glow for the transverse fundamental effect is of 
maximum intensity at the center of the plate along the length !; 
the intensity diminishes somewhat on both sides of this region. 
The total region of luminosity extends over about one-third the 
length l of the crystal, varying somewhat with air gap, applied 
electromotive-force and probably other conditions. With a suitable 
crystal mounting consisting of four electrodes (the Cady type) 
as described by Giebe and Scheibe two regions of maximum lumin- 
ous intensity were found for the first overtone of the transverse 
fundamental. The other overtones may also be indicated in a 
similar manner. 

The luminous glow emitted by crystals can also be observed 
at the flexural vibration frequency and under certain conditions 
presents striking peculiarities which still await explanation. With 
a single pair of electrodes covering the whole of both sides of the 
the crystal no luminous glow appears at the flexural vibration 
frequency as would be expected, for the crystal does not vibrate 
flexurally under these conditions. Using the new crystal mounting 
for flexural vibrations as described in this parer, Fig. 5, a luminous 
glow was observed in the air gap between the crystal and electrodes 
which very much resembled that found for the transverse funda- 
mental. With a simple crystal mounting of two electrodes which 
cover only one-third of the breadth and approximately the full 
length (see Fig. 11), a peculiar striated luminous glow appears ор 
the upper edge XY of the crystal and not, as might be expected, 
in the air gap. At higher pressures when the glow first appears, 

и D. W. Dye, Proc., Phys. Soc. of London, 38, p. 453, 1926. 
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it is always as described above in the form of beads or striations 
running perpendicular to the length 1, that is, parallel to the 
direction of the applied electric field. As many as seven beads 
have been observed with some crystals, the form of which is 
approximately represented on the upper edge of the crystal in 
Fig. 11. Many photographs of this effect have been made, but the 
results are not sufficiently good to warrant direct reproduction. 

To make the beads visible, the frequency of the applied 
electromotive force must be carefully tuned to crystal resonance. 
When the applied frequency is slightly detuned from crystal 
resonance the glow diminishes in intensity and the beads are 


Y 


Figure 11—Piezo-electric crystal with simple electrodes covering only one-third 
of the breadth. The appearance of the beads or striated luminous glow 
is indicated on the upper edge X Y of the crystal. 


replaced by a faint but uniform luminosity. The beads will only 
be visible for & short period of time unless the oscillatoris free from 
small transient shifts in frequency. As the vacuum is raised in the 
crystal chamber the beads diminish in number and become more 
- diffuse and indistinct. 

The striated appearance of the glow discharge may be due to 
some peculiar and as yet unexplained effects in the mechanical 
vibration at the center of the plate. It is to be noted that the 
amplitude of vibration of the crystal is considerably less with the 
mounting (Fig. 11) than would be the case with the special mount- 
ing for flexural vibrations. The striated glow is only present when 
a single pair of electrodes is used and appears on the edge most 
remote from the electrodes. With the four electrode mounting 
the peculiar mechanical effect may still be present, but only the 
usual type of discharge between electrodes and crystal is then 
observed as previously described. 

When the luminous effect is to be used as & visual indicator 
of frequency, best results will be obtained with a residual gas of 
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helium or neon in the crystal chamber. Similar results are obtained 
with air, but the luminous glow is not so intense. 

The luminous effect is sometimes obtained even at atmospheric 
pressure when the applied voltage is sufficiently great. There is 
considerable danger of damaging the crystal under these conditions 
because of excessive mechanical strain. 

Finally, the author wishes to thank Professor W. G. Cady, 
under whose direction the problem was undertaken, for his kind 
advice and constant cooperation. 


SUMMARY 


A method of obtaining flexural vibrations from piezo-electric 
quartz plates together with the equations for flexural vibrations 
in quartz is given. Crystal mountings for obtaining best results 
with the first, second, and higher modes of flexural vibration are 
developed. The use of the crystal at flexural frequencies in the 
oscillator circuits of Cady and Pierce, and the luminous phe- 
nomena obtained when resonating in a partially evacuated cham- : 
ber with different types of mountings, are also described. Without 
using unusually long plates the range of frequencies obtainable is 
extended into the audible range. 

Among the problems still to be solved are the temperature 
coefficient of frequency and logarithmic decrement for the various 
modes of flexural vibration as well as constancy of frequency 
under variations of load and constants of the electric circuit. 
Investigations are still in progress, of which а report will be 
communicated later. 


Discussions оп 


TELEPHONE COMMUNICATION OVER HIGH POWER 
LINES BY HIGH FREQUENCY CURRENTS* (BoppiE) 


К. D. Duncan, Jr.:{ This paper is one of the very few con- 
cerning high-frequency communication over power lines which 
have been published in this country. Mr. Boddie's statement and 
analysis of the fundamental problems involved and of the require- 
ments of equipment for this service are clear and comprehensive. 
It is with the section of the paper on ‘‘Attenuation Constant at 
High Frequencies" and those following that this discussion is 
concerned. 

In the sections referred to comparison is made between meas- 
ured and computed values of the inductance, capacity, and 
resistance per unit length of overhead high voltage power lines, 
for different physical arrangement of conductors and for fre- 
quencies in the neighborhood of 60 kilocycles. А good agreement 
between measured and computed values of the linear inductance 
and capacity for full-metallic systems was obtained; there was 
considerable difference, however, between similar values of the 
high-frequency resistance of the lines, the measured values in every 
case being much greater than those computed from well-known 
skin effect formulas. For full metallic circuits the differences 
were within the limits 181 te 294 per cent; for circuits with ground 
return much greater differences were obtained. 

It is suggested in the paper that for the full metallic circuits, 
these differences were due in part to the presence of nearby parallel 
conductors in which currents were induced. In the line-ground 
system they were attributed to ground-return resistance. Neither 
of these effects is taken into account by the theory upon which the 
computed values of resistance were based. | 

The manner of behavior of overhead lines at high frequencies, 
when free in space or when surrounded by other lines, and the 
advantages or disadvantages of full metallic versus line-ground 
return carrier circuits, have undoubtedly received the considera- 
tion at one time or other of every engineer engaged in this par- 
ticular branch of radio. In the field of wired radio broadcasting 

гезе у the Institute, August 8, 1927. | 


1 Wed , Vol. d 7, Page 559, July 1927. 
ired Radio, Inc., New York City. 
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wherein high-frequency currents are superimposed upon the 
electric light and power lines of à community, every advantage has 
been with full-metallic operation. It requires less transmitting 
power than the line-ground system and is not subject to fading of 
signals, line noises and interference from high-power space radio 
as is the latter system. Full-metallic carrier operation produces 
the minimum inductive interference in nearby overhead lines 
(for example, telephone lines) and space radio receivers, antenna 
or loop types which may be in operation near the lines. А great 
advantage of full-metallic operation is that it lends itself readily to 
the use of polyphase carrier which is referred to later in this dis- 
cussion. To investigate the carrier properties of overhead lines 
the necessary measurements were carried through for both full- 
metallic and line-ground systems to enable the derivation of the 
unit resistance, inductance, capacity, and leakage conductance, 
over the range of frequencies normally employed in carrier opera- 
tion. It is believed that а statement of these results and а com- 
parison thereof with those obtained by Mr. Boddie will not be 
without interest and will assist in explaining some of the differences 
between theory and experiment noted in the paper under discus- 
sion. 

Mr. Boddie derived values of linear resistance by measuring 
the characteristic impedance Zo of the lines, and the transmitted 
and received currents with the lines terminated in an impedance, 
Zo. The resistance R' is computed from the approximate expres- 
sion | 

R =2-a- Z 0 (1) 


which is the first term of the more general expression 


R C e Т, б 
"72V L 2V с 


kg я 
° Y c 


In the expressions a, L, C, and G are respectively the attenuation 
constant, inductance, capacity, and leakage conductance.! The 
attenuation constant а is related to the ratio of transmitted to 


under the assumption 


1 Here taken as per loop mile for full-metallic and per wire mile for ground- 
return circuits. 


Duncan: Telephone Communication over High Power Lines 1057 


received current of the lines of length l, when terminated in 
Zo through the usual expression 


et (4) 


In utilizing relations (1), (3), and (4) for deriving the resistance, 
the leakage conductance is implicitly assumed to be zero. This 
assumption may or may not be valid for highly insulated high- 
voltage lines. It was not found to be true for low voltage power © 
lines. Certain types of insulators while entirely satisfactory at 
commercial power frequencies, exhibit losses at carrier frequencies 
and are unsatisfactory. The possibility of such losses occurring 
even with high voltage insulators, thereby requiring the considera- 
tion of the second member of expression (2) was suggested by 
one of the members during the discussion of Mr. Boddie's paper. 
The results of measurements quoted herewith show that at least 
for some types of power lines the leakage conductance is ap- 
preciable and cannot be neglected. They also show, however, that 
including the second term in expression (2) does not account for 
all of the difference between the measured and computed values 
of line resistance, and that factors other than ground resistance 
cause a large portion of the line losses in a line-ground system. __ 

In explanation of these statements the following experimental 
data? is submitted which gives the characteristic impedance, and 
the inductance, capacity, resistance, leakage conductance, at- 
tenuation, and wavelength constants, per loop mile for full-metallic 
circuits and per wire mile for line-ground circuits, for aerial con- 
ductors of average height above ground of 30 feet and spacing 
(horizontal) between conductors of 42 inches. The lines are No. 6 
copper, diameter 0:162 inch, approximately one-half mile in length. 
Each conductor has standard weather-proof insulation and was 
supported by porcelain pin insulators such as are normally em- 
ployed in 2300 volt construction. The lines were strung on the 
same pole with other lines and for a portion of their length jointly 
occupied the same cross arm with other power lines. In general 
their construction was typical and the reaction due to the prox- 
imity of adjacent lines may be considered typical of what is 
encountered in overhead city construction. 


! The line measurements and computations were made by Messrs. S. 
Isler, 8. A. Barone, С. С. Salmons, and С. E. Bohner, of the engineering staff 
of Wired Radio, Inc. 
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The experimental procedure followed, consisted in measuring 
the input resistance and reactance’ for the two conditions of the 
far ends of the lines, open-circuited and short-circuited upon them- 
selves. Thence by well established methods‘ the unit constants 
were derived. No special difficulty has been encountered in apply- 
ing this method at carrier frequencies. 

The data in Table I is for the full-metallic system, and in 
Table II, for a line-ground system. Columns 1 to 8 inclusive in 
both tables give measured values, and columns 9, 10, and 11 
give values computed from the dimensions of the system. 

In Table I for the full-metallic system the characteristic im- 
pedance Zp is seen to be practically independent of the frequency 
with an average value of 700 ohms, and virtually non-reactive. 
The measured and computed values of inductance L differed by 
3 per cent, and of capacity C by approximately 16 per cent. The 
ratio of measured to computed resistance varied from 1.15 at 
30 kc. to 2.11 at 70 kc. The difference in inductance values is too 
small to have any significance. The differences in the capacity 
and resistance values, however, are large and in the case of the 
latter are of the order of those observed by Mr. Boddie. 

For the line-ground system of Table II the characteristic 
impedance decreased with increasing frequency and, as compared 
with the full metallic system, was smaller and showed a higher 
negative phase angle. The inductance and capacity per wire 
mile on the average showed an increase of 24 per cent and 11 per 
cent respectively over the computed values. The computed skin 
effect resistance may be taken as one-half of that of the full metallic 
system, given in column 9, Table I; the ratios of measured to 
computed resistance for 30 and‘60 kilocycles are respectively 10.17 
and 13.25 or much higher than with the full-metallic system. It 
is noted that the leakage conductance of the full metallic system 
is less, that is, the effective leakage resistance is higher, than with 
the line-ground system. 

The increase in unit resistance and capacity of the lines in 
full-metallic operation is undoubtedly due to the proximity of 
lines running parallel and close to those measured. By virtue of 
their coupling with the lines in question an added resistance is 
introduced and the total interwire capacity increased. In the 
line-ground system because of the more widely distributed char- 

з By a method similar to that outlined by Mr. Boddie. See also “Recent 
Attainments in Wired Radio," Journal of Franklin Institute, Jan. 1921. 


VT Pernot, “Electrical Phenomena in Parallel Conductors,” Vol. 1, Chapt. 
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acter of the electric field surrounding the conductor it is to be 
expected that the proximity effect of adjacent conductors would be 
very pronounced, and hence would contribute largely to the change 
in the line constants observed. Mr. Boddie has ascribed the entire 
change to ground-return resistance, and in accordance with the 
theory developed by Carson® the resistive component of the : 
ground-return impedance of an overhead line is by no means 
negligible. Considerable experimental work at high frequencies 
with overhead lines under congested pole line conditions, however, 
has indicated that nearby lines may greatly increase the effective 
attenuation of a distributed circuit, and it is believed that in line- 
ground systems the change in line constants due to the proximity 
of other conductors is of equal importance to the ground-return 
effect. 

Two other sources of loss which should be mentioned are those 
due to electromagnetie radiation and, in the case of the paper 
under discussion, the steel core of the stranded conductor. In 
accordance with what little is known concerning radiation from 
long distributed systems the resistance so introduced at these 
carrier frequencies appears to be negligible. The close agreement 
between the measured and computed values of inductance quoted 
by Mr. Boddie would indicate that at carrier frequencies the 
current penetration into the conductor does not reach the steel 
core. 

Another point of interest in comparing Tables I and II is the 
lower characteristic impedance of the line-ground system which, 
however, has the much higher attenuation. That is, for the same 
applied voltage a higher input current is obtained, but less of it 
is effective in reaching the receiving end of the lines. Both of 
these features have been observed experimentally. 

Because of the growing importance of wired radio on all 
types of line wire systems it is suggested than an experimental 
research into the high-frequency transmission characteristics of 
aerial conductors, both free in space and in the presence of other 
conductors in specified arrangements, is a problem well worth 
consideration. Ап experimental check upon existing theory would 
be provided and information of great value made available. 

In concluding this discussion it is desired to direct attention 
to the advantages of employing polyphase carrier on polyphase 
power systems. In particular when communicating over a three- 


» Carson, B. S. T. J. Vol. V, No. 4, page 539, 1926. 
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phase power line, three-phase high-frequency energy, properly 
modulated would be impressed on the lines and all phases thereof 
utilized at both the transmitting and receiving terminals. A power 
transmission system is thus established similar in every respect 
to the normal power system and obeying the same laws but operat- 
ing at a much higher order frequency. In wired radio broadcasting 
on polyphase systems where power for lighting is supplied from all 
phases extending from а substation, it is necessary to distribute 
high frequency current uniformly over all phases in order to obtain 
a uniforn signal level. Single phase carrier has not provided this 
uniformity whereas polyphase carrier has successfully met all 
requirements.’ In the general field of radio it is interesting to note 
that three-phase high frequency provides a means for effecting 
carrier-frequency suppression? and duplex radio telephone opera- 
tion.* It is believed that polyphase carrier: will play an important 
part in future methods of high-frequeney communication. 


Alexander Nyman:1 *A considerable portion of the above 
paper is devoted to the calculation of antenna efficiency for trans- 
mission of signals to power lines. As a result of these calculations 
the author comes to the conclusion that the advantage of con- 
denser coupling as compared with antenna coupling is negligible 
since the antenna efficiency from 971 per cent to 94 per cent can 
always be secured. 

On further investigation of this conclusion it appears that the 
transmitting set to which this antenna or condenser is connected 
was not taken into consideration in determining the efficiency, 
and yet it is this transmitting set in connection with the coupling 
system which really determines the efficiency of the whole 
operating scheme. 

To illustrate it more clearly, consider the following: 

The paper shows that the current through the power line is 
about one-quarter of the current through the antenna. As the 
antenna current must be supplied by the transmitting set, probably 
by some tuned means such as an inductance, it is quite evident 
that the losses in that inductance as well as in the antenna must 
be taken into account. Assuming the values of capacity of the 
antenna, which are given by the author as 0.003 uf., and an operat- 

6 U. S. Patent No. 1578881. 

1 U. S. Patent No. 1560505. 

8 U. S. Patent No. 1591025. 


"Original Manuscript received by the Institute, September 21, 1927. 
T Consulting Engineer, Dubilier Condenser Corporation. - 
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ing frequency of 50,000 cycles, an inductance of about 9.4 milli- 
henrys will be necessary, with a reactance of 1060 ohms at that 
frequency. Since with the best possible design it is difficult to get 
a power factor less than 1 per cent on an inductance coil of this 
magnitude and this frequency, the resistance value would be about 
10 ohms and with 1 ampere current the additional losses would be 
about 10 watts, which must be added to the transmitter power of 
27 watts. 
Thus the efficiency of the whole system would be now 


27 
27 4-10 


= 78 per cent 


If on the other hand instead of antenna a condenser of the same 
capacity (0.003 ufds) were used, the current supplied by the 
inductance coil would be exactly equal to the current put into 
the line, that is, 0.26 amperes, and the losses in that inductance 
coil instead of 10 watts, would be only 0.68 watts, giving a total 
efficiency of 


27 


— ————— = 97,5 per cent 
21 4-0.68 di 


These values of efficiency, of course, do not take into account 
the actual antenna or condenser efficiency; they are simply the 
values of efficiency as determined by the inductance coil. If as 
the author claims he can secure an efficiency of 94 per cent to 
973 per cent of the antenna, the above figure of 73 per cent should 
be multiplied by this antenna efficiency. On the other hand, with 
condenser coupling the power factor of the condenser is a fraction 
of 1 per cent and hence the efficiency of the condenser coupling 
device is more than 99 per cent. 

In determining the effective resistance of the antenna in order 
to establish its efficiency, I further note that the author has ap- 
parently disregarded entirely the ground resistance, stating how- 
ever that these ground losses are likely to be quite appreciable. It 
is incorrect to state that these "ground losses are not chargeable 
directly to the mechanism of coupling, but to the existing condi- 
tions" since under other conditions such as condenser coupling 
these ground losses disappear, or under the worst circumstances 
are reduced 16 times on account of practically 4 times smaller 
current. To make this clear, assume a resistance in the ground of 
9 ohms. In case of antenna coupling, this would produce a loss 
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of 5 watts and a reduction of efficiency as claimed by the writer 
from 973 per cent to 
27 


———— = 82.5 per cent 
27.76+5 m 


giving a total efficiency of 
82.5 per cent X73 per cent =60 per cent 


On the other hand with a condenser coupling and assuming as 
the worst case a ground return with the same resistance of 
5 ohms, the current is only 0.26 amperes and the corresponding 
loss 0.34 watts. Thus, the efficiency instead of 97.5 per cent will 
be changed to 

27 


—— = 9.5 per cent 
27+0.68+0.34 


These figures would give quite a different conclusion from that 
of the author, showing that the condenser coupling apart from 
the considerable simplification, in- connection, and the improve- 
ment on the receiving circuit, would also give an efficiency of 96.5 
per cent under worse circumstances, as against 60 per cent on the 
antenna coupling, or, in other words, the loss with condenser 
coupling is about 10 times smaller than in antenna coupling. 
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FURTHER COMMUNICATION ON THE PROPAGATION 
OF SHORT-WAVES.* 
[By 


E. Quack 
"6 i(Berlin) © 
(Zeitschrift für Hochfrequenztechnik, 30, 41, Aug. 1927) 


In an earlier communication the occurrence of doubled-signals 
in the propagation of short waves was reported.! For the purpose 
of calculating the height of the Heaviside layer it was assumed in 
that paper that the waves were propagated with the velocity of 
light. According to more recent work,? however, it appears that 


Figure 1—Doubled signals from transmitter SPU, Figure 2— Schematic 
Rio (15.5 m.) a direct signal; a’ same signal diagram of the 


which has made an additional circuit of the paths taken by the 
earth. Photographed May 31, 1927; 2135 signals shown in 
E. M. T. Fig. 1. 


the velocity of propagation is smaller than the light-velocity ; 
therefore the computed height of the Heaviside-layer will be 
correspondingly diminished. Consequently, a new determination 
of the height of the layer should be attempted on the supposition 
that the wave velocity is dependent upon the index of refraction 
and the frequency. Repeated observations at Geltow of the signals 

* Original Manuscript received by the Institute, October 3, 1927. 

! E. Quick, Zeit. für Hochfrequenztechnik, 28, 177, 1926: Proc. Inst. 
Radio Engs. 15, 341; 1927. 


з A. Н. Taylor and E. О. Hulburt, Phys. Rev., 27, 198, 1926. Н. Lassen, 
Zeit. fiir Hochfrequenztechnik, 28, 109, 139, 1926. 
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radiated at Nauen have yielded values between 0.137 and 0.139 
sec. for the time difference between the direct signal and the signal 
which encircles the earth. 

It has been impossible to discover any difference between the 
transmitters AGC (A=18.22 m.) and AGA (A=14.9 m.) at Nauen 
with respect to the time-lag of their direct and doubled signals. 
It is also remarkable that the doubling in the case of the Nauen 
transmitter AGC could be observed at night (22:00 European Mean 
. Time.) These observations have been supplemented by those of 
several other observers, notably Dr. Moegel and Mr. Wiesner. 

In May the Brazilian Radiotelegraph Company, Rio de 
Janiero, placed in operation the short-wave beam transmitter 


BAST AM M j 
"9545 AM, y | 
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Figure 3—Tripled signal from WIK, Rocky Point 
(21.45 m.) a direct signal; a' secondary signal 
which has gone the other way around the earth; 
a” tertiary signal taking direction of direct 
signal but making an additional circuit of the 
ага Е Photographed April 10, 1927; 0220 


SPU, wavelength 15.66 m., and antenna power of 10 k. w. Strong 
doubled-signals from this transmitter have been observed from 
1300 to 1800 G.M.T. and also from 2045 and 2330 G.M.T. During 
the latter period time differences between direct and doubled- 
signals were observed which correspond to a path of the secondary 
signal around the earth in the same direction as the direct signal, 
but making a complete additional circulation. The time-difference 
of this complete circuit amounts to about 0.1365 to 0.140 second. 
An oscillographically-recorded doubled-signal of this type is shown 
in Fig. 1; in Fig. 2 are shown the different paths taken by the sig- 
nals. The direct signal a has the path a from Rio to Geltow; the 
doubled-signal a’ takes the path a’ from Rio over Geltow finally 
arriving at Geltow after completing the circuit of the earth. The 
doubled-signal thus traverses a path compared with that of the 
direct signal which corresponds to the observed time-difference of 
0.137 second. 
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Fig. 3 illustrates a tripled signal, the possibility of which is 
brought about by the wave taking a direct path, a path the other 
way around the earth, and a path of the type just described. 

Observations were made on June 10th of this year at about 
02:20 E.M.T. on the non-directional transmission of the North 
American short-wave transmitter WIK (\=21.45m.). From many 
oscillographic records, of which Fig. 3 is a specimen, the following 
observations have been made: The direct signal a is followed 
after 0.0945 sec. by the secondary signal a’ which has taken the 
other path around the earth to Geltow. After this appears the 
tertiary signal a’’ which starts out with the direct signal, passes 
over Geltow, and makes a complete circuit of the earth in this 


Figure 5—Double circulation around the earth. Figure 6 — Schematic 


Tripled signal from SPU (15.5 m.), Rio. 1 and / iagram of paths 
direct signals, 2 and J/ signals in direction of taken by signals 
direct signal but with additional circuit about shown in Figure 5. 


earth, 3 and III in direction of direct signal 
but with two additional circulations. Photo- 
graphed June 27, 1927, E. M. T. 


direction previous to its arrival at Geltow after а time interval of 
0.137 to 0.138 second. The amplitude of a” is greater than that 
of a’ in spite of the longer path. These paths are represented 
schematically in Fig. 4. 

Evidence that the wave may encircle the earth several times 
is furnished by Fig. 5. This record was obtained with the signals 
from the Brazilian station SPU previously mentioned. This 
station emits every second two dots spaced about 1/20 second 
apart which are photographed as the direct signals 1 and /. 
After 0.1375 sec. the secondary signals 2 and II are recorded after 
their complete circuit around the earth in the direction of the direct 
signals; after another 0.1375 sec. (or total of 0.275 sec.) the tertiary 
signals З and III are registered; these signals have thus twice 
encircled the earth. The paths are again schematically shown in 
Fig. 6. 

Fig. 7 contains evidence of further signal multiplication, al- 
though perhaps not quite so clear and certain. In addition to the 
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previously described doubled-signals the signals marked Г’ and 
1’ are discernible corresponding to waves which have taken the 
reverse path around the earth as shown in Fig. 6. The remarkable 
thing about this is that inasmuch as Rio is equipped with direc- 
tional (beam) antenna system one would not expect to find record- 
able signals radiated in this direction.’ 

It appears as if this multiple circulation about the earth occurs 
with especial facility when the great circle containing the sending 
and receiving points lies essentially in the zone of twilight. This 
is especially the case in the Rio observations where this type of 
signal was nightly encountered from 21:00 to 22:00 E.M.T., at 
which time the great circle lay directly in the twilight. In daytime 


Figure 7—Quadrupled-signal from SPU, Rio (15.5 m.) 


there occurred only the ordinary doubled-signals, corresponding 
to the reverse path around the earth. Up to the present time 
doubled-signals have been observed in the region of wavelengths 
extending from 14 to 34 meters. It is astonishing how much energy 
is still retained by the waves after several circulations around the 
earth, and it is certainly to be expected that further circulations 
occur in addition to those here recorded. For the practical use of 
short-waves, however, there must be found ways and means for 
avoiding the disturbances of operation occasioned by these ''ghost" 
signals. Their systematie observation will aid in this, as well as 
contribute to the explanation of the propagation of waves of this 


type. S. B. 


з [This observation seems to be in agreement with the ideas of L. Bouthillon 
(Comptes Rendus, 184, 190, 1924), who contends that inasmuch as the rays 
most effective in establishing long range communication are those making а 
small angle with the zenith and that beam projectors of the type of the Marconi 
Company at Bodmin radiate less directionally at such angles, the efficacy of 
such systems becomes less and less from the viewpoint of wave concentration 
as the distance increases. On the other hand, according to Hulburt’s theory 
waves of this length are totally reflected only if their zenith angles are greater 
than 60-70 degrees, which would appear to conflict with Bouthillon's small 
zenith angles. Inasmuch as the precise mode of propagation of Quiicks 
ghost waves is still very much in doubt it does not yet seem possible to decide 
between these rival views.—S. B.] 
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RESUME OF PROF. G. W. O. HOWE’S CRITIQUE OF 
HERR QUACK’S COMPUTATIONS 


In connection with the extraordinarily interesting and im- 
portant observations of Herr Quick on the propagation of short 
waves the comments of our English contemporary Prof. G. W. O. 
Howe, contained in an article entitled ‘‘Phase and Group-Velocities 
in an Ionized Medium,” are of interest. A brief résumé of Howe’s 
criticism follows: 

Herr Quick computed the apparent height of the great circle 
path of the tay corresponding to the oscillographically recorded 
"double-signal" by multiplying the time difference, as measured 
upon the oscillogram, by the velocity of light. This turned out to 
be 182 kms., although with the most recent value of the time inter- 
val given by Quick (0.138 sec., vide the above article) the value of 
205 kms. appears more accurate. In any event this is considerably 
greater than the ionic refraction theory and other experimental 
evidence as to the ionization at various heights would seem to 
indicate. Prof. Howe suggests that the divergence may be ex- 
plained by the difference between the group and phase-velocities. 

In works on optical theory it is shown that in the case of propa- 
gation in а dispersive medium, i.e., one in which the wave (phase) 
velocity is a function of the frequency, the velocity of a homogene- 
ous group of such waves, measured let us suppose from the head 
of the group, will be given by? 


pec (1) 


Now in the case of an ionized medium in which dispersion is caused 
by motion of the electrons, the wave-velocity is given by: 


ene (2) 


the influence of collisions and of the earth's magnetic field not being 
considered. Hence the group-velocity is: 
v, = c/1—(Nec?)/ (rmn?) (3) 
! Erp. Wireless, 4, 259, May 1927. 


з See Т. Н. Havelock; ‘Propagation of Disturbances in Dispersive Media," 
Cambridge Tract, No. 17, p. 3. 
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For the group-velocity to differ by 1 per cent from the velocity of 
light, №, the number of electrons per cc, would have to be 5.6 X 104; 
for a difference of 5 per cent № = 28X 10*. These are quite reason- 
able values for N. Appleton and Barnett deduced for certain 
conditions a minimum value of N of 100,000 and Appleton has 
recently deduced a minimum value of 2.5X10*. (More recent 
computations based upon radio transmission measurements yield 
values of N ranging from 3—6 X 105). 

In view of this, Quick’s value of 182 km. for the height of the 
Heaviside layer would be reduced to 116.5 kms., for a velocity 
1 per cent less than that of light, and to 51 kms. for a velocity 2 
per cent less. 

Prof. Howe suggests that the result of the experiment 1s 
therefore not to determine the height at which the ray travels, 
but rather to determine from the assumed height the value of 
electron density in the medium through which the ray travels. N 
varies but little for widely different assumptions as to the height; 
an accurate determination of the time taken to encircle the globe 
would therefore decide within narrow limits the electron density 
of the medium. Since there are no insuperable difficulties connected 
with the accurate measurement of the time-differences the method 
would appear to be a most sensitive and important one for the 
investigation of this fundamental quantity. 


BOOK REVIEW 


Principles of Radio Communication by Joun Н. Моке- 
CROFT,! assisted by A. Pinto? and W. A. Curry? SECOND 
Еріттом, 1001 Pages, Published by Jonn WirEv & Sons, 
New York. Price $7.50. 


Morecroft's first edition came out just before the broadcasting 
cyclone struck. For a time many radio men referred to that first 
edition as their radio bible. But the broadcasting cyclone changed 
the relative importance of radio matters and sped up radio to 
such an extent that radio men have been asking why Morecroft 
did not get out an up-to-date edition. They have been asking 
that for the past three or four years. 

The second edition is out now. The advertising sheets an- 
nouncing that edition have been sent out, presumably to all 
members of the Institute; at least, one has been sent to me. А 
glance at this advertising might give one the impression that 
the book is chiefly about the old spark type of radio, because 
about the most conspicuous thing in that advertising is two cuts 
of one of the neat little spark transmitters which, according to my 
recollection, Emil J. Simon designed nearly fifteen years ago. 
They were good spark sets, but they are apt to give that adver- 
tising a through ticket to the waste basket, for who wants to buy 
a book about spark sets now. 'That is unfortunate because the 
book is very much more up-to-date than those conspicuous cuts 
imply. 

Chapter V is headed ''Spark Telegraphy." That chapter in- 
cludes 77 of the 1001 pages in the book, and 27 of those 77 pages 
are about receiving circuits, detectors, head phones, amount of 
power in sound waves, audibility, and the characteristics of crystal 
rectifiers. Therefore it will be seen that spark telegraphy is only a 
minor part of this second edition. "The first edition contained 
twelve more pages on that subject, although the total number of 
pages in the first edition was less than the total number in this 
second edition. 

Chapter VI is the largest chapter in the book. That chapter 
takes up 240 pages or nearly one-fourth of the book, and its title 

Original Manuscript received by the Institute, October 24, 1927. 

! Professor of Electrical Engineering, Columbia University; past presi- 
dent of the Institute of Radio Engineers. 


2 Electrical Engineer, Otis Elevator Co. 
з Assistant Professor of Electrical Engineering, Columbia University. 
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is "Vacuum Tubes and their Operation." Sparks characterized 
the past and vacuum tubes characterize the present in radio. 
From those chapters it will be seen that the authors have tried to 
make this book as comprehensive and modern as a book can be 
made. | 

Presumably to give more room for recent developments, the 
authors have not only eliminated part of the chapter on spark 
telegraphy and put more pages in this edition than in the first 
edition, but they have eliminated chapters X and XII on ‘“Ұахе- 
meters and their Use" and ‘‘Radio Experiments," which were in 
the first edition. I believe they should have put in and improved 
the chapter on "Radio Experiments," because it not only showed 
how experiments are carried on but included problems to be solved. 
Such & chapter is valuable to people who are learning about radio 
and & new group comes along every year to learn about radio. 

This edition is divided into ten chapters. Each chapter has 
a title and is further divided by sub-titles. The titles and sub- 
titles appear in the table of contents and at the tops of the pages. 
Also, the sub-titles are included in the index at the back which 
occupies over twelve pages. This arrangement helps the user to 
find what he wants. The titles of the chapters are: Fundamentals, 
Ideas and Laws; Resistance—Inductance— Capacity —Shielding; 
Laws of Oscillating Circuits; General View of Radio Communica- 
tion; Spark Telegraphy: Vacuum Tubes and Their Operation in 
Typical Circuits; Continuous-wave Telegraphy ; Radio Telephony; 
Antennae and Radiation; and Amplifiers. 

Broadcast transmitters, receivers and loud speakers are upper- 
most in many minds at present. These subjects are treated in the 
chapter on Radio Telephony. Receivers are also treated, for ex- 
ample, in the chapters on Spark Telegraphy and Amplifiers. 

The volume is well illustrated on almost every page, some pages 
carrying several illustrations. Sketches, photographs, circuit 
diagrams, curves and, best of all, numerous oscillograms are used 
to show what happens in one, two, or three circuits at one time. 

Not. only do the authors consider many phases of radio sub- 
jects, but they have included numerous references at th^ bottom 
of pages, to special papers on those subjects. 

The text begins with a discussion of the ‘‘Nature of Electricity" 
taking up “Electrons” as the next subject. The text ends with the 
diagram and description of an amplifier equipped with trans- 
former, rectifier and filters to take the filament and 350-volt plate 
nower from a 60-cycle line. That is an indication of how modern 
апа comprehensive this book is. It is a big book, too big to describe 
well enough in this review. R. H. Marriott 


DIGESTS OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY 


Issued October 18, to November 15, 1927 


By 
JOHN B. BRADY 


(Patent Lawyer, Ouray Building, Washington, D. C.) 


1,645.231—ELECTROMAGNETIC SOUND REPRODUCER—FREDERICK DIE- 
TRICH, of New York, N. Y.. and WILLIAM H. GERNS, East Orange, N. J. Filed 
March 5, 1926, issued October 11, 1927. Assigned to Brandes Laboratorics, Inc. 

1,645,483—ELECTROMAGNETIC DRIVER—C. A. BRIGHAM and W. H. GERNS 
of East Orange, N. J. Filed August 22, 1925, issued October 18, 1027. Assigned to Brandes 
Laboratories, Inc. 

1,646,292—METHOD OF DIRECTING LIGHT RAYS UPON LIGHT SENSITIVE 
ELEMENTS—CLINTON W. HOUGH, Boonville, N. Y. Filed Oct. 22, 1925, issued 
Oct. 18, 1927. Assigned to Wired Radio, Inc. 

1,645,523—CRYSTAL DETECTOR OF ELECTRIC CURRENTS—H. M. DOWSETT, 
Colchester, England. Filed Dec. 18, 1920 issued Oct. 18, 1927. Assigned to Radio Corp. 
of America. 

1,6645,542—CIRCUIT ARRANGEMENT FOR HIGH FREQUENCY SENDING STA- 
TIONS—M. OSNOS, Berlin, Germany. Filed Dec. 27, 1922, issued Oct. 18, 1927. Assigned 
to Gesellschaft fur Drahtlose Telegraphie. 

1,645,560—WIRELESS TELEGRAPH RECEIVING APPARATUS—R. A. WEAGANT, 
New York, М. Y. Filed April 14, 1920, issued Oct. 18, 1927. Assigned to Radio Corp. of 
America. 

1,645,850—REGULATOR—F. S. BERNHARD, Brooklyn, N. Y. Filed Nov. 22, 1923, 
issued Oct. 18, 1927. Assigned to Western Electric Co. 

1,645,904—ELECTRON DISCHARGE DEVICE—P. GAVIN, National Sanatorium, Tenn. 
Filed Aug. 5, 1925, issed Oct. 18, 1927. 

1,646,152—RADIO CIRCUIT TESTING INSTRUMENT—J. О. KLEBER, Pittsburgh, 
Pa. Filed May 20, 1926, issued Oct. 18, 1927. 

1,616,230 —VARIABLE CONDENSER—W. DUBILIER, New York, N. Y. Filed Feb. 14, 
1924, issued Oct. 18, 1927. Assigned to Dubilier Condenser Corp. 

1,646,443—COMPENSATOR FOR RADIO COMPASSES—W. B. BURGESS, Boston, 
Maas. Filed Mar. 11, 1921, issued Oct. 25, 1927. 

1,646 e LLLI RECORDING MEANS FOR RADIO RECEIVING DEVICES 

A. ZILLGER, Narberth, Pa. Filed Dec. 9, 1924, issued Oct. 25, 1927. Assigned to Music 

Maater Corp. 

1,646,517—KEY CIRCUIT FOR TUBE SENDERS—W. ZELETSKI, Berlin, Germany. 
Filed Mar. 26, 1923, issued Oct. 25, 1927. Assigned to Gesellschaft fur Drahtlose Теје: 
graphie M. B. S. 

1,646,626—VACUUM TUBE—H. E. METCALF, San Leandro, Calif. Filed July 23, 1924, 
issued Oct. 25, 1927. Assigned to The Magnavox Company, of Oakland, Calif. 

1,646,033— PROCESS FOR EXHAUSTING DETECTOR TUBES—R. T. ST. JAMES 
Chicago, т. Filed April 10, 1922, issued Oct. 25, 1927. Assigned to Chicago Miniature, 

mp Works. 


е ee C. ROSE, Osceola, Arkansas. Filed Oct. 27, 1926, issued Oct. 

1,646,707—ACOUSTIC HORNS—W. R. RESPESS, St. George, N. Y. Filed (original) Dec. 
8, 1923; divisional filed Sept. 30, 1924, issued Oct. 25, 1927. Assigned to Brandes Labora- 
tories, Inc. 

1,647,238—ELECTRON DISCHARGE DEVICE—E. Н. MANTHORNE, Bayside, N. Y 
Filed June 18, 1925, issued Nov. 1, 1927. Assigned to Bell Telephone Laboratories, Inc. 

1 647,2883—ARRANGEMENT FOR IMPROVING SHORT WAVE RADIATION INTO 
SP ACE—A. ESAU, Jena, Germany. Filed Oct. 8, 1926, issued Nov. 1, 1927. 

1,647,290—ANTENNA SWITCHING RELAY —A. HADDOCK, East Orange, N. J. Filed 
June 22, 1922, issued Nov. 1, 1027. Assigned to Western Electric Co., Inc. 

1,0647,349——RADIO SIGNALING APPARATUS-—H. T. FRIIS, Red Bank, N. J. Filed, 
June 9, 1925, issued Nov. 1, 1027. Assigned to Western Electric Co. Inc. 

1,646,292— MOUNTING FOR ACOUSTIC HORNS—DAVID Н. MOSS, Brooklyn, N. Y. 
Filed Feb. 13, 1924, issued Nov. 1, 1927. Assigned to Brandes Laboratories, Inc. 

|. 1,047,394—ELECTRONIC DEVICE—RB. Е. JANCKE, Brooklyn, N. Y. Filed Oct. 8, 1925, 
issued Nov. 1, 1927. Assigned to Manhattan Electrical Supply Co. 

1,647,474—VARIABLE PATHWAY--F. W. SEYNOUR, Flushing, N. Y. Filed Oct. 25, 
1925, issued Nov. 1, 1927. 
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1,647,609—HETERODYNE RECEIVING SYSTEM—W. Е. COTTER, Buffalo, N. Y. 
Filed Feb. 16, 1925, issued Nov. 1, 1927. Assigned to Federal Telephone Mfg. Corp. 


1,647,017 —ELECTRON DISCHARGE DEVICE- T. R. GRIFFITH, Dover, N. J. Filed 
July 7, 1926 issued Nov. 1, 1927. Assigned to Bell Telephone Laboratories, Inc. 


1,647,994—ELECTRON DISCHARGE DEVICE—W. С. HOUSKEEPER, of New York, 
N. M. Filed October 27, 1922, issued November 8, 1927. Assigned to Western Electric 
o., Inc. 
1,647,996—ELECTRON DISCHARGE DEVICE—F. L. HUNTER, Jr., of Towaco, and 
SYLVESTER W. CROWLEY, of Weehawken, N. J. Filed Januarv 17, 1924, issucd 
November 8, 1927. Assigned to DeDorest Radio Telephone & Telegraph Co. 


1,648,183—METHOD AND APPARATUS FOR CONDUCTING CURRENT—K. Н. 
KINGDON, and IRVING LANGMUIR, of Schenectady, New York. Filed December 21, 
1922, issued November 8, 1927. Assigned to General Electric Co. 


1,648,428—MACHINE FOR TESTING ELECTROMAGNETIC SOUND REPRO- 
DUCERS—RAY G. STACY, East Orange, N. J. Filed March 18, 1927, issued Nov. 8, 
1927. Assigned to Brandes Laboratories, Inc. 


1,648,293—-ELECTRIC DISCHARGE DEVICE—ERNEST E. CHARLTON, of Schenec- 
tady, N. Y. Filed original Nov. 29, 1922. Renewed September 23, 1927, issued November 
8, 1927. Assigned to General Electrio Co. 


1,648,312—ELECTRON DISCHARGE DEVICE—K. Н. KINGDON and IRVING LANG- 
MUIR, of Schenectady, N. Y. Filed November 6, 1923, issued November 8, 1927. Assigned 
to General Electric Co. 


1,648,458—-ELECTRON DISCHARGE DEVICE AND METHOD OF OPERATING 
THE SAME—G. M. J. MACKAY and ERNEST E. CHARLTON, of Schenectady, 
N. Y. Filed August 27, 1926, issued November 8, 1927. Assigned to General Electric Co. 


1,648,521—RADIO RECEIVING SET—A. WIKSTROM, of Boston, Mass. Filed November 
10, 1924, issued November 8, 1927. Assigned to Flash Radio Corp. 


1,648,592—WIRELESS APPARATUS—L. R. RUOFF, of Syracuse, N. Y. Filed January 11, 
1923, issucd November 8, 1927. Assigned one-fourth to Howard P. Denison and one-fourth 
to Eugene A. Thompson, ‘of Syracuse, N. Ү 


-1,648,682—-VARYING FREQUENCY SYSTEM OF RADIOSIGNALING—J. Н. HAM- 
MOND, Jr., of Gloucester, Mass. Filed June 28, 1923, issued November 8, 1927. 


1,648,835—TWO-WAY RADIO COMMUNICATION SYSTEM—P. WARE, of New 
үш N. Y. Filed September 4, 1920, issued November 8, 1927. Assigned to Ware Radio, 
ne. 


1,648,689--CONDENSER TRANSMITTER—AUGUST HUND, Bethesda, Maryland. 
Filed Apr. 10, 1926, issued Nov. 1, 1927. Assigned to Wired Radio, Ine. 


1,648.941—MANUFACTURE OF OXIDE-COATED CATHODES—WILLIAM BEN- 
JAMIN GERO and GEORGE WILSON HALLOCK, Bloomfield, N. J. Filed July 16, 
1926, issucd Nov. 15, 1927. Assigned to Westinghouse Electric & Mfg. Co.. 


1,648,958—EVACUATED DEVICE AND METHOD OF EXHAUST—RALPH E. MYERS, 
East Orange, N. J. Filed May 5, 1923, issued Nov. 15, 1927. Assigned to Westinghouse 
Electric & Mfg. Co. 

1,649,016—OLIVER Е. BUCKLEY, Maplewood, №. J. Filed Dec. 13, 1917 (original) renewed 
Apr. 9, 1927, issued Nov. 15, 1927. Assigned to Westinghouse Electric & Mig. Co 

1,049.122—OSCILLATION GENERATOR—SIEGMUND LOEWE, Berlin, Germany, 

Filed Sept. 2, 1921, issued Nov. 15, 1927. Assigned to Westinghouse Electric & Mig. Co. 

1,649,131— TUNING ARRANGEMENT FOR RADIO COMMUNICATION—C: 

SCHWARZ, Charlottenburg, near Berlin, Germany. Filed Oct. 31, 1921, issued Nov. 15. 
1927. Assigned to Westinghouse Electric & Mfg. Co. 

Ua 391—PROTECTIVE SYSTEM FOR HOT CATHODE DEVICES—R. L. DAVIS, 

Wilkinsburg, Pa. Filed June 23, 1925, issued Nov. 15, 1927. Assigned to Westinghouse 

Electric & Mfg. Co. 

1,649,480—VACUUM TUBE—H. J ROUND, London, England. Filed July 9, 1921 issued 
Nov. 15, 1927. Assigned to Radio Corp. of America. 

1,649,499—RECEIVING ARRANGEMENT FOR WIRELESS TELEGRAPHY —G. С. 
VON ARCO, Berlin, Germany. Filed April 30, 1923, issued Nov. 15, 1027. Assigned to 
Gesellschaft fur Drahtloae Telegraphie. 

1,649,510—WIRELESS INSTALLATION ON VEHICLES SUCH AS AUTOMOBILES — 
N. Н. CLOUGH, London, England. F led Oct. 23, 1923, issued Nov. 15, 1927. Assigned 
to Radio Corp. of America. 

1,649,727 —AERIAL FOR RADIO RECEPTION—C. Е. PEITZMAN, Grimes, Iowa. Filed 
May 5, 1926, issued Oct. 15, 1927. 

1,649,778—MEANS FOR AND METHOD OF CHANGING THE INTENSITY OF JIG- 
NALS IN RADIO DYNAMIC RECEIVING SYSTEMS—J. H. HAMMOND. Jr. 
and E. L. CHAFFEE, of Gloucester, Mass. and Belmont, Maas. respectively. Filed 
(original) June 27, 1917, renewed May 31, 1924, issued Nov. 15, 1927. Chaffee assigned 
to Hammond. 

1,649,257—8USPENSION FOR ARMATURES OF ELECTROMAGNETIC SOUND 
REPRODUCERS—C. К. ROWE and W. H. GERNS, of East Orange, N. J. Filed Aug. 
7, 1925, issued Nov. 15, 1927. Assigned to Brandes Laboratories, Inc. 

Des. 73,878—RADIO CABINET—DAVID S. SPECTOR, New York, N. Y. Filed June 22, 
1927, issued Nov. 15, 1927. Assigned to Federal Telegraph Co. 

Des. 73,579—RADIO CABINET—DAVID 3. SPECTOR, New York, №. Y. Filed June 22, 
1927, issued Nov. 15, 1927. Assigned to Federal Telegraph Co. 


GEOGRAPHICAL LOCATION OF MEMBERS ELECTED 


New York 


Massachusetts 
New Jersey 
New York 


Ohio 
England 


England 


France 


California 


Colorado 


Connecticut 


Dist. Columbia 
Georgia 


Illinois 


Iowa 
Kansas 


Kentucky 
Louisiana 


Massachusetts 


Michigan 


Nebraska 
New Jersey 


New York 


November 2, 1927 


Transferred to the Fellow grade 


New York City.......... S3 Ma EE s da Armstrong, E. H. 
Transferred to the Member grade 
СатЬтіаве............................. Burke, C. T 
МезжагК................................ Royden, George T 
jr. -—-—————— Á ee Ballard W m. C. 
New Y York Сїу......................... Lush, W. G. 
СїпсїппаНн.............................. Jarvis, К. W 
Топдоп................................ Strong, Chas. Е 
Elected to the Memt er grade 
Londoh, ulus Re ten XE Ede ES Durrant, R. F. 
London. «oi RR I Rie mE Nep Glover, Philip F. 
POPS ЖООТКОТО a a ГЕК ЛЕГКО Roosevelt, Н. L. 
Elected to the Associate grade 
Glendale, 1126 E. California Ave.......... Engen, R. E 
Loe Angeles, 1025 W. 78th Street.......... Appleton. н: 
San Diego, 1346-39th Street.............. Wisner, F. Т.. 
Stockton, Вох 730.............,......... Harvey, V. L. 
Colorado Springs, Р. О. Box 316. РРО Bergman, L. J. 
Denver, 1538 Gilpin Street............... Painter, Chas, E 
Denver, Western Union Tel. Со........... Rowe, F. S. 
Hartford, 191 Lawrence Street............ Angello, А. А 
Storrs, Connecticut State College.......... Pow : 
Washington. 4828 Sixteenth St. N. W...... Bliss, A. O., Jr. 
Columbus, 164-13th Street............... Ray, Fred 
Macon, City Hall....................... Rankin, G. P. Jr. 
Chicago, 5709 So. Spaulding Ave.......... Campbell, D. O. 
Chicago, 3982 Barry Avenue.............. Fast, John E. 


Chicago, Randolph & Canal Ste. с.о Butler. . Kamin, Mua 
Chicago, 9402 Ewing Ave., RCA Radio WGO. Newell, L. T 


Galesbury, 1347 W. Main Street.......... Bellinger, C. E. 
Geneva, Riverbank Laboratories.......... Crosier, Wm. 
Streator, 115 S Vermillion 8t............. Williams, N. B. 
Marshalltown, 503 N. Second Ave... ...... Pickett, Е. L. 
Atchison, 324 Santa Fe.................. Moore, E. А. 
Wichita, 355 North Estelle............... Lyons, S. J. 
Weeksburg................. ccc eee teens Hines, O. T 
New Orleans, 321 St. Charles Strect....... Carrington, L. E. 
New Orleans, 1633 Bordeaux Street........ Gidiere, Philip 
New Orleans, 3813 Cleveland Avenue...... Sweetman, J. М. 
Dorchester, 37 Bailey Street.............. Gurney, Wm. S. 
Mattapan, 160 Brook Road............... Weber, H. C. 
Newton, 13 Newtonville Avenue. ......... Wilson, T. C. 
No. Attleboro, 9 Elm 8t.................. Langlais, G. 
ЗаасопаеФ.............................. Holden, Н. Н. 
Sommerville, 22 Oxford St................ Cook, W. H. 
Ann Arbor, 713 E. University Ave......... Swain, Robt. R. 
Detroit, 5479 Stanton Avenuc......... .... Manning. S. R. 
Mt. Pleasant, 518 So. Kinney Ave......... Wilbur, D. A. 
Omaha, 417 South 13th Street. ........... Crawford, J. D. 
Cliffwood, Box 31....................... Mutch, W. W. 
Maplewood, 28 Cypress Street............ Courter, G. H. 
Newark, 151 North Ith Stove ven Glauber, J. J. 
Albany, 96 Ontario Street................ Kaiser, F. J. 
Bronx, 140th St. & Rider Ave., N. Y. Edison Simith, Henry 
Brooklyn, 623 45th 8&.................... Briggs, Н. Е. 
Brooklyn, 65 Pineapple 8t................. Milania, Clarence 
Buffalo, 155 Dundee St............ atoe ИМ Barker, H. T. 
Buffalo, 56 Hedley Place................. Butler, S. J. 
Buffalo, 158 Box Avenue................. Fox, R. pe 
Buffalo, 24 Hoffman Place................ Goss, Edward А 
Buffalo, 77 Grey Street.................. Stevens, Е. B. 
Buffalo, 331 Sherman Street. ............. Tellak, T. J. 
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New York Buffalo, 240 Rodney Avenue.............. Wemple, C. V. 
Buffalo, 75 Putnam 8t................... Wingert, L. E. 
Riverhead, L. I., oh Radio Corp.of P Engine Colvin, R. 8. 
Rockville Centre, Т 19 Clinton Ave.....Costello, J. C. 
Freeport, L. I., 209 N. "Long Beach Ave... .O’Neill, ‘John 


New York City, 602 W. 139th St.......... Glenn, P. R. 
New York City, 1079 Washington Ave..... Hills, B. E. 
New York City, 370 Seventh Áve.......... Nelson, J. R. 
New York City, 604 W. 112th St.......... Seckel, W m. 
New York City, 66 Broad 8t.............. Shore, Henry 
New York City, 30 Broad Street.......... Truax, John 
Peekskill, 111 кеа . AW TREES Wombacher, J. À. 
Scotia, R. F. D. No. 2................... Baker, J. O. 
Ohio Akron, 1077 Sixth ү жаы о аат Werhan, А. В. 
Canton, 523 Case Place, М. W............ Catterhall, J. B. 
Cleveland, 392 East 147th St...... $a sd Butler, Ro 
Cleveland, 2419 East 79th St.............. Jenkins, Myron 
Cleveland, 623 St. Clair Ave., №. W....... Mc Mullen, F. € 
Cleveland, 1006 Rockefeller Bidg TES Wise, W. B. 
Lakewood, 14802 Clifton Blvd............ Satterthwaite, Wm. 
Lakewood, 1392 Webb Road, Apt. 11...... Van Voorbis, M. G. 
Salem, 14 Penn Зёгееё................... Strawn, J. D. 
Youngstown, 157 Rhoda Avenue. ......... Remedio, Dominic 
Pennsylvania Bradford, 65 State Street................. Francis, T. C. 
Corry 143 Maple Ауешце................ Caldwell, Dan 
Drexel Hill, 712 Blythe Ave............... Willard, J. M. 
Greenville, 299 Clinton Street............. Bradshaw, G. R. 
Harrisburg, 60 S. Cameron St............. Mc Cachren, W. 5 
Harrisburg, 1328 Vernon Street........... Roland, A. W. 
Harrisburg, 1614 №. 6th Street............ Shane, чова 
Harrisburg, 324 So. 16th Street........... Sours, M. D. 
Harrisburg, 1603 Derry Street............ ede үн S. H. 
Matamoras, P. О. Вох 119............... Willera, T. H., Sr. 
Monessen, Р. О. Box 1488................ Chuberka, Chas 
Norristown, Clearfield Ave., R. D. No. 1...Rue, Wm. F. 
North Braddock, 1426 Ridge Ave.......... Barden, Wm. 8. 
Philadelphia, 4932 N. Fairhill St........... Cain, Robt. E. Е 
рйацерв. 807 Catharine 8t............ Murni, Joseph 
Pittsburgh, P. O. Box 24, North Side P. O.. Molk, F. T. 
Pittsburgh, 5510 Baum Blvd.............. Phillipe, J. H., Jr. 
Washington, George Washington Hotel..... May, Samuel 
Yeadon, Del. Co., 414 Holly Road.........Mac Nicholl, A. J. 
South Carolina Charleston, 188 Tradd Blvd............... Zeigler, T. W. 
Texas Circo P-O.Box92..... x Hughes, R. E. 
ТАЙКЫ 1 6a eara doas ede eed Hackney, V.C 
Pampa, Box 698........................ Groves, 
Utab Salt Lake City, Station KDYL...... ..... Albert, John 
Washington Seattle, 8237 Stroud Avenue. ............. Zaluskey, E. R. 
Wyoming Casper, 232 East 2nd Street.............. Martin, Donald E. 
Alaska SG WAR us s crée ri ee cee ceed wae Martin, John, P. 
Canada Ont., Niagara Falls, 1171 McGlashan Cres...Brunton, Albert 
Ont., Windsor, 428 Oak Avenue........... Dresser, Carl 
Ont., Hamilton, 34 Kensington Ave. S...... Emery, Fred 
Ont., Hamilton, 179 Ottawa St. S.......... Shrive, Frank 
uebec, Montreal, 260 Prud'homme Ave... .Goldin, Н. C. 
nt., Toronto, 1186 Ossington Ave......... Mc Hale, Thos. 
Ont., Toronto, 55 Dagmar Ave............ Mock, E. E. 
Ont., Toronto, 100 Harvie Avenue......... Wilkinson, J. 
England Essex, Westcliff, 839 London Road........ Eldred, E. M. 


London, E. C. 3, Wireless Dept., T. ant Hess Pilling, Jobn 
вов W. 14, 47 West Kensington № fan- 
Оно du ssi Bde aiti ga Tiltman, R. F. 
Surrey: Thornton Heath, 52 Limpsfield Ave. . Hughes, D. D. 
Surrey, Wallington, 15 A Onslow Gardens. . .Smurthwaite, Е. 


Wilts, Swindon, 82A Croft Road........... Matthews, L. A. 
Isle of Wight Ryde, Esplanade, Royal Eagle Hotel...... Turtle, J. P. 
Japan Fukushimaken, Haronomachi, Shutchojo. . . Kobayashi, Michiji 
pukussimaken, Haranomachi, Nippon Mu- 
nM А PM VO TER PEORES Ono, Зћојі 
оа Haranomachi, Nippon Mu- 
OO MN EC Sakai, Sadao 


Tokyo, Kojimachi, 48 Shimorokubancho.. . . Kato, Y. . 
Tokyo, Nippon Musen Denshin Kaisha. . .. Kobayachi, Riu)! 
Tokyo, Nippon Musen Denshin Ksaisha....K ari, T. 
Tokyo, Nihon Musen Denshin Kabushiki.. . Taguchi, Minoru 
New Zealund Auckland, С. P. О. Box 532.............. Burrell, Robt. 
Auckland, P. O. Вох779................. Sangster, R. L. 


Russia Nijni- Novgorod, *, State Bank........... Grzybowski, W 


Geographical Location of Members Elected November 2, 1927 


Scotland Dundee, 9 Commercial Street............. Brown, R. B. 
Dundee, Broughty Ferry, 6 Home Terrace... Jamieson, Wm. E. 
South Africa Johannesburg, Box 4576................. Myers, H. 
Wales Montgomeryshire, Welshpool, Grcespluan. . Bond, A. E. 
Elected to Junior grade 
California Los Angeles, 1259 S. Harcourt Ave........ Zweiger, Owen 
Connecticut Storrs, Conn. Agricultural College......... Van Heiningen, W. A. 
Louisiana Lake Charles, 1020 Kirby Street.......... Lake, Thornton 
Maine Yarmouth, Gilman Street................ Wright, Louis 
Massachusetts Somerville, 47 Hancock Street...... Lee Ekstrand, E. B. 
New York Jamaica, Locust Manor, 117-19 168th St.... Voigt, George 
Staten I., Pier 13, U. S. S. Bouwell, C. G.. . Hagan, E. 
Pennsylvania Bellevue, 30 E. Orchard Ave.............. O'Shes, J. G. 
Texas Dallas, 3100 Live Oak Street............. Honnel, Pierre M. 
Canada Quebec, Magag, Stanstead Co., 20 Victoria St., Bergeron, J. C 


China Shanghai, 21 Kiaochow Road............. Sucs, Robert 
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Since 1915 — 
Standard for all sets. 


ООУ es онен M 
E км, E REN t CREZ OO-A САЎ = 


| 
! 


7 ал 


м 


1 type in 1915 


2 {урез їп 1920 


15 types in 1926 


нь NY 
"un ] 
NULL 


P d 1 
“ay 


NA 


М4 


p 


ADIO progress has set 
a fast and exacting 


Р, Yu «2, 
SANA 


Pe pace these past few 
EY years. One single type of 
NO tube seemed adequate ten 
= years ago. Four years ago 
Vut two types apparently serv- 


22 ed the purpose. And today, 


Ey with its greater and more 
MS exacting demands for im- 
tbe proved radio reception, the 
SN research and engineering 
»» talent back of Cunningham 
E Radio Tubes contributes 
WC its share to radio progress 
x» with fifteen perfected spe- 
e | cial purpose types, each 
7 | one efficiently mastering 
Ж its particular task. 

24 FIFTEEN TYPES 

> Allin the Orange and Blue 


Carton 


esL 


Electrostatic Condensers 


For All Purposes 


е ym 


There are over 200 standard "FARADON" condensers 
on which immediate deliveries can be made. Complete 
new catalog sent on request. 


Those interested in Carrier Current Coupling Conden- 
sers should ask for copy of Bulletin 101. 


The enginecring staff of the Wireless Specialty Ap- 

paratus Company will co-operate fully with those 

having special equipment under consideration. Esti- 

mating data, quotations or any other information 
furnished promptly on request. 


Wireless Specialty Apparatus Co. 


JAMAICA PLAIN, BOSTON, MASS. 
Established 1907 


SOMETHING NEW 


And Just What Radio Men 
Have Been Waiting For 


Real Pocket 
Portable 


Direct and Alternating 
Current 


Ammeters, Voltmeters, 
Volt-Ammeters and 
Wattmeters 


ROLLER-SMITH 
Types HTD and HTA. 
Small enough for your 
pocket, your tool kit or 
your traveling bag. 
Compact and light 
enough to suit the most 
critical. 

Accurate and rugged 
enough to suit the 
most exacting require- 
ments. 

A wide enough variety 
of ranges to cover 
many tests, particular- 
ly those encountered 
in radio work, that 
have heretofore re- 
quired large portables. 
Send for New Bulle 
tins K-110 and K-150. 
"Over thirty years! experience 

is back of ROLLER-SMITH" 


Electrical Measuring and Protective A ratus 


MAIN OFFICE | WORKS 
2134 Woo!worth Bidg., New York | Bethiehem, Penna. 


Offices in principal cities in U. S. A. and Canada. 
Representatives in Australia, Cuba and Japan. 


Vacuum Tube Bridge 


TYPE 361-A 


The Type 361-A Vacuum Tube Bridge 
provides a means for measuring quick- 
ly and accurately the dynamic and 
static characteristics of vacuum tubes. 


Direct reading to two decimal places in 
amplification constant and 10 ohms in 
plate resistance. 


Price $250.00 


Bulletin 414X on request 


GENERAL RADIO COMPANY 


30 State Street _ Cambridge, Mass. 


By recommending АтегТгап Ra- 
dio Products for the purposes to 
which they are best suited, we be- 
lieve that the experimenter and en- 
gineer will more quickly appreciate 
the high standards of these pro- 
ducts in design, construction and 
performance. 


The AmerTran Power transform- 
er is thoroughly dependable used 
as an ordinary half-wave Rectifier 
(400 v 60 ma. D. C.) in conjunction 
with the AmerChoke type 854 as a 
filter choke. And the same trans- 
former is adapted to an 800 v 60 ma. 
D. C. double half-wave Rectifier 
using two rectifier tubes and the 
AmerChoke. 


Transformers of larger rating and 
higher voltages have been built for 
various radio concerns by this com- 
pany since the beginning of the in- 
dustry. Experimenters and engin- 
eers are invited to come to us for 
information on any special appara. 
tus or on the use of standard 
AmerTran parts. Write 


The American Transformer Co. 
178 Emmet Street, 


“Transformer Builders for 
over 26 years” 


IV 


Newark, N. J. 


AmerTran Power 
Transformer PF-52 
$18.00 Each 


Other 
AmerTran 
Products 


AmerTran De Luxe 
1st and 2nd Stages 


Each $10.00 


AmerTran AF-7 
and AF-.6 


Each $5.00 


AmerTran Power 
Transformer PF- 


Each $15.00 
AmerChoke Туре 
854 


Each $6.00 


AmerTran Resistor 
Type 400 
Each $7.50 


H-28 Heater 
Transformer (for 
A. Tubes) 


Each $10.00 


Grebe Flexible 
Unit Control 


makestheSvnchro- 
phase a set of one, 
two or three-dial 
control at your 
option 


Illustrates the 
double range of 
the S-L-F Con- 
denser dials 
which make it 
casy to sepa- 
rate stations, 
especially 
those using 
low- wave 
lengths. 


150 
осип 
S • 
т а qe ie 
d t of , 


This Company broadcasts through 


All Grebe ap- 


рагн(ца is 
covered hy * 


putentagrant- 
ed and pend- TWADC молы 


She 


Synchrophase — 
One Dial 


for Convenience 


Three 


for Precision 


HE simplicity of one-dial control, 

so much exploited today, was given 
the Synchrophase in 1925 when the 
Flexible Unit Control was installed. 


But the convenience of one-dial opera- 
tion was not made at the sacrifice of 
individual dial setting—a great advan- 
tage when extremely accurate tuning 
is desired. 


A review of radio development shows 
that Grebe is usually well in advance: 
viz., Binocular Coils, S-L-F Condensers, 
Colortone, Low-Wave Extension Circuits, 
etc. 
Send for Booklet I which fully 
explains them and shows how 


they produce the reception for 
which Grebe sets are noted. 


A. H. Grebe & Co., Inc. 
109 West 57th Street, New York 
Factory: Richmond Hill, N. Y. 


Western Branch 
443 So. San Pedro St., Los Angeles, Cal. 


stations WABC and WBOQ. 


The New WESTON 


Battery Eliminator Voltmeter 


* m 


HE increasing use of battery eliminators has created a need 
for a soecial type of Voltmeter to indicate the true value of 
the voltage delivered. The ordinary type of Voltmeter used 
with a battery eliminator will not give correct indications 
because of the current such voltmeters require. Most 
battery eliminators cannot maintain their voltage when 
an appreciable amount of current is required. Wes- 
ton, constantly alert to be of the utmost assist- 
ance in the development of the art of radio, 
again provides an instrument to meet this new 
condition. QThis new Voltmeter, known as 
the Weston Battery Eliminator Voltmeter, 
requires only one milliampere for full 
scale deflection and has a self-contained 
resistance of 1,000 ohms per volt. 1+ is 
made in double range combinations of 
200/8 or 250/50 volts and the latter 
range can be supplied with an ex- 
ternal multiplier to increase the 
range to 500 volts. This Battery 
Eliminator Voltmeter is hand- 
somely enclosed in Bakelite and 
is supplied with a pair of 30” 
flexible cables 


WESTON ELECTRICAL INSTRUMENT 


CORPORATION 
73 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER 


- WESTON 


Pioneers since 1888 


VI 
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With the “Trouble-Shooters” of the North Atlantic 
CE-BERGS -— towering, ponderous, deadly moun- 

I tains of ice drift southward from the ice fields 

of the Arctic into the traffic lane of trans-Atlan- 
tic steamers. 

Locating and destroying them is the perilous 
and never-ending duty of the United States Coast 
Guard cutters. 

Shell fire and high explosives, however, often 
fail to blow the bergs from the sea, and war'ings . 
are then broadcasted by radio to every ship whose 
course lies through the danger zone. 

Smooth power, unfailing dependability over long 
periods and under all conditions of service are quali- 
ties demanded in the radio batteries used in this 
dangerous naval service. 

. The fact that Burgess Batteries meet those re- 
quirements recommends them to you for your own 
receiving set. 


Ask Any Radio Engineer 
BURGESS BATTERY COMPANY 


GENERAL SALES OFFICE: CHICAGO 
Canadian Factories and Offices: Niaqara Falls and Winnipeg 


BURGESS RADIO BATTERIES 


*H 


Digitized by Google 


ЧТ era 
S LAST AUDIO STARS 


clear up the 
tone 


Do you get a blast when you turn the volume 
up a bit? Do you get sweet, clear tone at low 
volume, but noise when it’s louder? The trouble’s 
probably right in one tube—the tube in the last 
audio stage. The Radiotron laboratories dis- 
covered that no ordinary tube can let big volume 
through clearly. Change one tube to an RCA 
power Radiotron. Then turn up the volume . 

and it comes through clear! 


4 Bring jour storage batter) set up-to-date uith M 
а power RADIOTRON UX-171 or UX-112 
a detector RADIOTRON UX-200-A 
and RADIOTRONS UX-201-A for all-round quality. 
Bring your dry battery set up-to-date with 


а power RADIOTRON UX-120 
and RADIOTRONS UX-199 for all-round quality 


RADIO CORPORATION OF AMERICA - NEW YORK - CHICAGO . SAN FRANCISCO 


RCA~Radiotron 


, MADE HE MAKERS. THE RADIOLA 
VIM 
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Bakelite melded housing for Zeco Speaker unit, 
made by Zisch Mfg. Co., Newark, N. J. 


Bakelite housing 
improves tonal quality 


In the Zeco cone loud speaker Bakelite is used 
for the housing primarily because of its high 
insulating properties and the accuracy with 
which it can be molded. 


In addition, it has been found that, by using 
Bakelite instead of metal for the housing, dis- 
torting vibrations are eliminated and the 
tonal quality of the entire speaker is dis- 
tinctly enhanced. 

Radio manufacturers are constantly discover- 
ing new possibilities in Bakelite molded, and 
are enlisting the cooperation of our engineers 
and research laboratories in adapting the 
advantages and economies of Bakelite to 
their own particular needs. We welcome in- 
quiries. 


Write for Booklet 33 


BAKELITE CORPORATION 


247 Park Ave., New York, N. Y. Chicago Office: 636 W. 22nd St. 
Bakelite Corp. of Canada, Ltd. 163 Dufferin St., Toronto, Ont. 
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RADIO SUPREMACY 


16 Years 


of remarkable 
radio 
developments 


Responsible 
for 


—the development of 
the continuous wave arc 
converter for use on 
shipboard— 


—the first successful 
commercial point - to - 
point radio telegraph 
system in the world— 


—the  Kolster Radio 
Compass, the use of 
which permits the safe 
navigation of vessels 


This Kolster Radio Com- during foggy or thick 


pass is an investment in 
жы of life and property weather. 
at sea. 


And most recently --- 


KOLSTER RADIO for the Home 


Engineers will be interested in the complete bulletins 
that are available upon request 


FEDERAL TELEGRAPH COMPANY 
SAN FRANCISCO 
25 BEAVER STREET, NEW YORK CITY 
Japan-China Representatives: 
Sperry Gyroscope Co., Mitsul Building, Toklo 


Superaudioformer 
No. 27 


Audio Frequency 
Transformers 
| 
| 
| 


EXTREMELY successful transformers developed by the 

Pacent Engineers, who are primarily specialists in 
Audio Frequency parts. Handsomely finished in dull 
bronze in two types. 


INPUT TYPE No. 27A, Ratio | 
3 to 1, Primary Inductance 124 | 
henrys, designed for use between | 


any vacuum tubes, and also with : 


power amplification require- ` Е 
ments in mind. , Shielded $7.50 Unshielded $6.00 


Shielded $7.50 Unshielded $6.00 | 
Pacent Audio Choke 


A type of Superaudioformer developed for use in filter circuits of 
power amplifiers and battery eliminators. Unusually sturdy for 
long usage. | 


| 

| | 

| CHOKE TYPE No. 29, Inductance 50 henrys (with no superimposed 
| 

| 


OUTPUT TYPE No. 27B, Ratio 
1 to 1, Inductance 7 henrys. 


D. C.). Inductance 32 henrys (with 60 m. a. superimposed D. C.). 
Shielded $6.50. Unshielded $5.00. 


Inquire at your dealers or write 
us direct for further particulars 


PACENT ELECTRIC COMPANY, Inc. 
| 91 SEVENTH AVENUE NEW YORK CITY 
| Canadian Licensed Manufacturer: 
| White Radio Limited, Hamilton, Ont. 

Manufacturing Licensees for Great Britain and Ireland: 


Igranic Electric Co., Ltd., London 
and Bedford, England 


| 
| 
| Makers of 


Pacent Radio Essentiais 
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Always specify — 
“ESCO” Maximum miles per watt 
Power supplies for transmission. 


“ESCO” has developed a line of over 100 standard 2-bear- 
ing Motor-generators for plate or filament. These include 
D.C., A.C., single phase and polyphase motors. 


*ESCO" two and three unit sets have become the accepted 
standards for transmission. The “ESCO” line consists of 
over 200 combinations. These are covered by Bulletin 237C. 


Our engineers are always willing to cooperate in the de- 
velopment of special sets. 


“ESCO” is the pioneer in designing, developing and producing Genera- 


tors, Motor-Generators, Dynamotors and Rotary Converters for all 
Radio Purposes. 


HOW CAN "ESCO" SERVE YOU? 
x ELECTRIC SPECIALTY COMPANY 
SM. TRADE € ESCO”? MARK 


300 South Street Stamford, Conn. 


PYREX INSULATORS 
triumph at the North Pole 


peditions where life and 
death depend on radio com- 
munication, Pyrex Insulators have 
always been used. Commander Byrd 


| selected Pyrex Insulators for the 
| radio equipment on the ship “Chan- 
| tier" and for the plane which he 
| flew to the Pole. 


| 
ITHOUT exception on ex- 
| 
| 
| 


The message from the comman- 
der from Spitzbergen, announcing 
his successful flight, came on equip- | 
ment which used Pyrex Insulators. 


*Pyrex Insulators are always 
selected on such expeditions because 
of their dependability in conserving 
radio energy. 

| 
| 
| 
| 


CORNING GLASS WORKS 


Industrial and Equipment Division 


Corning - New York 


"UD. М. Reg. U. S. Pat. Off. 


PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering F ie!ds 


The J. G. White 


Engineering Corporation 
Engineers—Constructors 
Builders of New York Radio Central 


Industrial, Steam Power and 

Gas Plants, Steam and Elec- 

tric Railroads, Transmission 
Systems. 


43 Exchange Place New York 


Duskis Sales 
Company 


Sales Entrepreneurs 

Cable Address: RADIOPARTS 
326 W. Madison St., Chicago, Ill. 

Radio Engineers should consult 
us immediately regarding parts 
for set manufacturing, for popu- 
lar and high-priced radio sets. 

One of our factors builds radio 
Chassis (wired set minus cab- 
inet) to order. 

Do you get our bulletins? 


John Minton 1. б. Maloff 


JOHN MINTON, Ph. D. 
CONSUCTING ENGINEER 


Developing — "Designing — 
Manufacturing 
о 


Кааіо Receivers, Amplifiers, 
Transformers, Rectiflers, Sound 
Recording and Reproducing ap- 
paratus. 
Radio and Electro-Acoustical 
Laboratory 


6 CHURCH ST. WHITE PLAINS. N Y. 


Electrical Testing 


Laboratories 
Electrical, Photometrical, 
Chemical and Mechanical 

Laboratories 


RADIO DEPARTMENT 
80th St., and East End Ave., 
New York, М. Y. 


WILLIAM W. HARPER 
Consulting Engineer 
CHICAGO 
Research and design problems 
relative to improvements and 
cost reductions — production 
testing systems — develop- 
ment special research equip- 
ment — radio engineering 
service 
161 EAST ERIE STREET 
Telephone Superior 7614 


Broadcast Motor Generators for Sale 
1 Crocker-Wheeler Motor Gen- 
erator Outfit, Motor 235 Volts D. 
C., 1000 R.P.M., 5 Н. P., Genera- 
tor Supplying 1200 Volts D. C., 
E ирене, 1000 R.P.M., 1-11; 


1 Crocker- Wheeler Motor Gen- 
erator Outfit, Motor 235 Volts D. 


C., 1100 R.P.M., H. P., Gen- 
erator Supplying 30 Volts D. C., 
10 Ampers, 1100 R.P.M., 1-11 К. 
V. 

Address PAUL J. LARSEN, 70 Ven 
Cortlandt Park South, New York City 


Announcement to Executives and Advertising Managers 


The "Proceedings" becomes a monthly publication beginning with 
this issue. This means that its value as an advertising medium is 
greater than ever before for the advertiser who wishes to maintain 
the merits of a dependable product before a distinctive radio 


menibership. 


For further particulars address: 


Advertising Manager 


ТПЕ INSTITUTE OF RADIO ENGINEERS 
37 West 39th Street, New York 


ings for radio en- 
gineers and labora- 
tory men. Write in 
detail your age, ed- 
ucation, experience 
in radio, various 
employments and 
salary expected. | 


A large established 


concern has open- 


_ ADDRESS BOX 450 


Care Institute of Radio Engineers 
37 West 39th Street 


| New York City. N. Y. 


NV 
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PIEZO ELECTRIC 
QUARTZ CRYSTALS 


We are at your service to grind for you 
quartz crystals, ground to a guaranteed 
accuracy of BETTER than a tenth of one 
per cent of your specified frequency. 


| 

| 

| 

| 

Crystals are so ground to produce their 
maximum vibrations, thereby making them 
suitable for use in power circuits, besides 

| excellent for frequency standards. 

| 

| 

| 

| 

| 

| 

| 

| 

| 


Crystals ground to any frequency between 
40 and 10,000 Kilo-cycles. We will be 
pleased to quote prices on your require- 
ments. 


Attention! Owners of 
Broadcasting Stations 


‘We will grind for you a crystal, ground 
accurate to BETTER than a tenth of one 
per cent of your assigned frequency for 
$50.00. Why not have the most up-to-date 
means of keeping your station on its assign- 
ed frequency? Prompt deliveries. 


Scientific Radio Service 


BOX 86, DEPT. R. MOUNT RAINIER, MARYLAND 
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Universally Specified by Electrical 
Engineers Everywhere 


Every electrical engineer and manu- 
facturer knows that there is a big 
difference in magnet wire. Regard- 
less of size or type of insulation, the 
best is always the cheapest in the Small Motors for every 
end. No electrical product is any or e 


k У А Radio, Radi Part nd 
better than the wire used in its уч ымен ice 


Dudlo Magnet Wire is 
Used by Thousands of 
Manufacturers of 


coils. 

All Dudlo wire is drawn from the 

finest pure copper rod—insulated 

with the very best materials— 

produced, inspected and tested 

by highly-skilled workers, result- 
ing in a product of un- 
equalled quality from every 
standpoint — physical, 
chemical and electrical. 


Automobile Starting 
Lighting and 
Ignition Systems 

Automobile Horns 

Telephones 

Electric Meters 

Transformers 

Electric Bells 

Violet Ray and X-Ray 
Apparatus 

And many other 
Electrical Products 


The plant illustrated above is the largest in the worid devoted exclusively to 


DUDL 


Magnet Wire and Coils 


DUDLO MANUFACTURING CORPORATION, Fort Wayne, Indiana 


112 Chamber of Commerce Bldg. 


Newark, N. J. 


160 North La Saile St. 4153 Bingham Ave. 
St. Louis.Mo. 


Chicago, IH. 
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274 Brannan St. 
San Francisco, Calif. 


Чы 
+ RADIO PARTS = 


Wizardry and black art harnessed and put 
to work for entertainment in the home. 
The Radio. In the expert design and con- 
struction of the delicate parts which per- 
mit the “talking air" to carry its magic 
nightly to millions, Scovill takes first rank. 
Here radio manufacturers find a scientific 
understanding of their problems and a 
large scale production which they can con- 
vert into additional dollars of profit. 
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Scovill is the name of a broad service to industry. It places acres 
of factories, forests of machinery, hosts of skill workmen, 
metallurgists and modern laboratories at the disposal of those who 
require parts or finished products of metal. Why not see how 
Scovill can serve you? 


THESE ARE SCOVILL PRODUCTS 


Brass Mill Products: buttons, butts and hinges. 
sheet, rod, wire,seamless Manufactured Goods to 
tubing. Manufactured Special Order Only: arti- 
Goods Carried in Stock: cles made from brass, 
cap and machine screws, bronze, steel, aluminum, 
snap fasteners, metal ete. : i à ; 


SCOVILL MANUFACTURING COMPANY 
Waterbury Connecticut 


Member, Copper and Brass Research Association 
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ОВКК at Milwaukee 
Show used Eveready 


Layerbilt “В” Batteries 


ALL who кыр 9BKR during the 
week of the Milwaukee Radio Show, 


September 25th to 29th, know what a 


pure DC note that ‘station trans- 
mitted. It was heard from New 
York City on the east to California 
on the west, in practically continuous 
operation daily from 2 to 10.30 P. M., 
. handling an- immense amount of 
traffic to all points in the. United 
States. 


The plate supply consisted of a 
bank of Eveready Layerbilt “B” Bat- 
teries, putting 1000.volts on the plate 
of the 50 watter., Plate current, 80 
milliamperes, generally considered a 
tremendous overload for even the 
Layerbilt. Yet at the end of the 
show, when Fred Catel, president of 
the Milwaukee Radio Amateurs' Club, 
and John M. Meyer, 9BKR, dis- 
mantled the station to return it to 
Mr. Meyer's home, the Layerbilts 
. each tested a full 45 volts. 


“This was our first experience in 
testing your batteries out on this kind 
of service," says Mr. Catel, “and you 
can note that the résults were very 


MR. J. M. METEN 


Mn. FRED CATEL, President 


Milwaukee Radio 
Аша{ейгз' Club, The, 


gratifying ” They were not only grati- 


ing but significant. The Eveready 


 Layerbilt stands up even under con- 


ditions that amount to abuse, which 


18 why transmitting amateurs are not ` 


only recommending. it to BCL’s but 


are using it themselves on low power 


transmitters, The Layerbilt is, we 
believe, the longest lasting апа most | 
economical of "B" batteries. | 


Manufactured and guaranteed by 


NATIONAL CARBON CO, Isc. 


New York San Franciseo 


Canadian National Carbon Co., Limited 
Toronto, Ontatio 


—————Ó ÀM——— 
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f Condénser 


. Problems. 


UBILIER condensers are used 
.in practically every radio jn- 
 8Stallation of the United States 
Army and Navy. They are tlie conden- 
sers that have been tried by time and 
found thoroughly dependable. | 
Dubilier manufactures every type of * 
condenser from the largest used in su- | 
perpower transmitting stations to the 
smallest used in portable receiving sets. - 


As new condenser problems arise, the 
Dubilier research laboratories ‘will find 
new and efficient ways to meet them. 


*., Dubilier 
БС прег 
| “ 


CONDENSER AND RADIO CORPORATION | 
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STANDARD FOR ALL SETS 
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that bring happiness 
at Christmas time and 
throughout the year 


Radio sets and radio 
equipment make im- 
mensely popular 
Christmas gifts. 


To assure the utmost in 
Yule-tide Radio enchant- 
ment, see that Cunning 
ham Radio Tubes are on 
duty in every socket. 
Every owner of a radio 
will be delighted to re- 
ceive a set of new tubes. 


Duy them in combination 
of five or more. Your 


dealer will tell you the 

irrect types of Cunning 

} Radii Tubes for 

vhich any radio sS i 
| designed 

кА А „бз 
| ale fiir igi í 
| E. T. CUNNINGHAM, INC. | | ш 
| | New York Chicago 
1 1 San Francisco 


When writing to advertisers mention of the Proceedings will be mutually helpful. 


Dependability, ^ convenience 
and long life are three of the 
outstanding advantages of 
Faradon products. 


Experts make sure they get 
Faradon. 


For any data desired, com- 
municate directly with the 
Company, attention of the 
Engineering Department. 


WIRELESS SPECIALTY 
APPARATUS COMPANY 
Jamaica Plain Boston, Mass. U.S.A. 

Est. 1907 


aradon 


ELECTROSTATIC CONDENSERS 


The 
choice of 
men who 

know 


FOR ALL PURPOSES 


I 


1436 


When writing to advertisers mention of the Proceedings will be mutually helpful, 


New 
Roller-Smith 
COM 
Ohmmeter 


Portable direct reading, small, 
compact, light, rugged, accurate. 
entirely self-contained. Measu::> 
resistance values from .§ oiu to 
50,000 ohms. List price 570.00, 
subject to discoun:. Send ior 
new Supplement No. 1 to Bulle- 
tin No. K- 500. 


ё 
New 
Roller-Smith 
HTD 


Circuit Tester 


Instantly locates open circuits 
in coils and circuits. Shows ap- 
proximate resistance up to 
10,000 ohms. Small, compact, 
rugged and dependable. List 
price $21.00, subject to discount. 
Send for new Supplement No. 
1 to Bulletin No. K-300. 


‘ 


T 
t point to 30 wher posts are 


routed As dattery желка. short 


sad boas ie 1o S v i ROLLER-SMITH COMPANY 
V al tet oe ie р 2134 Woolworth Bldg. 
ROLLER “SMITH. CO NEW YORK CITY 


—_— 7 
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Ам | AMERTRANIAMER IRAN | AXERIRANAMERTRAN | AMERTRAN | Amen TRAN} AXES 


A Complete 
AMERTRAN PUSH-PULL 
Power Amplifier 


THE new AMERTRAN PuSH-PULL Power Amplifier is a completely as- 
sembled two-stage unit embodying a first stage AMERTRAN DeLuxe fol- 
lowed by AMERTRAN Input and Output Transformers for Power Tubes. 
The metal box has four sockets, two for power tubes, and a four prong 
and a five prong socket in the first stage for either a standard amplify- 
ing tube or the UX-201 А type, or a UY-227 (C-327) А.С. tube. Using 
the latter tube, the amplifier can be entirely А.С. operated. 


This amplifier can be connected to the detector of any good receiver, 
replacing the audio amplifier. When operated from a power source sup- 
plying sufficient voltage, the reproduction will be as perfect as the 
speaker is capable of making it. In addition, distortion and the hum 
from raw A.C. on the power tubes, are eliminated. The energy output 
to the speaker, especially at the lower musical frequencies, also is in- 
creased. 

It is recommended that this amplifier be operated from the 

Amer-Tran A.B.C. Hi-Power Box, but it can be used with 

any good power supply system or batteries. Tone realism 

and volume will be finest, with the largest available power 

tubes in the power stage. Therefore, UX-210 or CX-310 

tubes will normally be supplied. If the 171 type of tube 

is preferred, the amplifier will be equipped with the Amer- 

Tran Type 271 Output Transformer. 


AmerTran Push-Pull Amplifier has a complete unit, is 
licensed under patents owned or controlled by the Radio 
Corporation of America and must be sold complete with 
tubes. When ordering, please state choice of tube for the 
first stage (either UX-201A or UY-227, or Cunningham 
сота cp and either two (UX-210, CX-310) or two (UX-171, 
CX-371) power tubes for the power stage. Price on ap- 
plication. 


Send for further information. Inquiries оп 
this new ипи will be handled promptly. 


AMERICAN TRANSFORMER COMPANY 
178 Emmet St. Newark, N. J. 


"Transformer Builders for Over 26 Years" 


| AMEANT AME \AMERTRAN |AMERTRAN | AMERTRAN | AMERTRAN | AMERT A 


When writing to advertisers mention of the Proceedings will be mutually helpful. 
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А Jewell А. С. Meter 
for Filament Control 


Diameter 
2 inches 
Pattern No. 190 
А.С. Voltmeter 
The advent of vacuum tubes having filaments adapta ble 
for excitation froin alternating current creates the necessity 


for an absolute means of control other than the filament 
rheostat, for it is frequently found that a particular sett img 
the filament voltage is necessary to eliminate objectio na 
um. 

For A.C. filament control the new Jewell А.С. уоктеёег, 
Pattern No. 190 is very desirable. Jewell Pattern No. 190 1n- 
struments have a body diameter of 2 inches and in general 
appearance are similar to the Jewell Pattern No. 135 dir ect 
current style. The movement is of the moving vane ty Pe 
with special modifications for the small size case. The 3^- 
struments are accurate and neat in appearance and are de- 
ЕП for continuous service. Energy consumption is very 
small. 
Pattern No. 190 instruments are available іп many гап €5: 
of which the 0-1.5, 0-3, 0-15 and 0-150 volt ranges are most П 
demand. The 0-1.5 volt range is suitable for tubes having 2 
direct heated Cathode, the 0-3 volt range for tubes having 2" 
indirectly heated Cathode, and the 0-150 volt range where 
primary control is used. . 

Write for a copy of our 15-C catalog supplement which 
describes this instrument in detail. 


Jewell Electrical Instrument Co. 
1650 Walnut St. - Chicago 


“27 Years Making Good Instruments" 


When writing to advertisers mention of the Proceedings will be mutually helpful 
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Selectivity—Turn the dial of 
a Grebe Synchrophase Seven. 
Stations come in —clean, full- 
toned. No overlapping of pro- 
grams— station separation is 


sharply defined. 


Grebe construction, backed 
by eighteen years of making 
nothing but the highest grade 
radio apparatus, ae 
the durability of these su- 
perior qualities. 


The tone of the түен аре 
Seven, especially when 

combined with the Grebe 
Natural Speaker, is unri- 
valed in naturalness. Its 
one-dial control assures 
implicite of tuning that is 


remar 


Grebe Synchrophase Seven, 

$135; Grebe Natural 
Speaker, $35. Send for 
Booklet I; then ask your 
dealer to demonstrate, in 
your home, that you can 
“get it better with a 
Grebe.” 


le. 
4 REB 
Q CHROPHAS 


TRACE майк аса ый PAL OFF, 


RADIO 


A. H. Grebe © Co., Inc., 109 W. 57th St., New York City 


Factory: Richmond Hill, М.Ү. Western Branch: 443 So. San Pedro St., Los Angeles, Cal 
Makers of quality radio since 1909 


When writing to advertisers mention of the Proceedings will be mutually helpful. 
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Radio - Is - BETTER - With - Dry - Battery - Power 


ou can candle 
an egg—but not a battery 


"aces isn’t much difference in ihe size or shape of batteries. And 
you can't tell how good thev are before you use them. ЇЇ you 
could, one element alone would win your preference for Burgess. 
That element is Chrome © Chrome is the preservative that main- 
tains an abundance oi unfailing energy in Burgess Batteries—long 
after most агу cells cease to function. The black and white stripes 
are individual marks for identifying Burgess Chrome Batteries. 
Buy them for long lasting, dependable performance! 

C rome Sd ote шшш Mee Bar 


gess Datteries. It gives them unusual staying power. 
Burgess Chrome Batteries are patented. 


Ask Any Radio Engineer 


BURGESS BATTERY COMPANY 
General Sales Office: CHICAGO 
Canadian Factories and Offices: Niagara Falls and Winnipeg 


TITRE 


Tm 


RURGESS BATTERIES 
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Chassis of Fada Special Receiver, Bakelite Insulated. In addition to the parts illus- 
trated, Bakelite Materiais are also used for socket lower plate R.F. transformer, con- 
denser and leak mounting strips and minimum adjustor base. This Receiver is made 


Andrea, lnc., Long Island, N.Y. 


In the Fada Special ^ ~ 


vital parts are insulated with Bakelite Materials 


ECOGNIZING that sus- cavity mold is used, the Bake- 
tained excellence of per- Ше Molded cylinders being 
formance may only be assured formed around the terminal 
through the use of an insulation posts. 
whose properties are unim- Since the earliest days of Radio, 
paired by time, exposure ог the Bakelite Corporation has 
‚Е.А. D. A ‚ Inc., kept ith the devel 
adopted Bakelite Materials for co gig Resin, Api oaa ei 


Р of Broadcast Receivers, and its 
Reca parts of the Fada Special engineers and research labora- 
eceiver. 


tories have co-operated with 
The use of Bakelite Materials manufacturers in adapting 
not only provides excellent in- Bakelite Materials to each ex- 
sulation, but economical pro- acting need. The wealth of 
duction as well. For example, knowledge acquired during 
twenty of the upper and lower these years of experience is of- 
condenser strips are molded at fered to the radio industry 
one time with holes, recesses, through our Service Engineers 
and relief lettering accurately located in important industrial 
formed. In the case of the centers. 
neutrodon cylinder part a nine Write for Booklet 33 


BAKELITE CORPORATION 


247 Park Avenue, New York, N.Y. Chicago Offce, 635 W. 22nd Street 
BAKELITE CORP. OF CANADA, LTD. 163 Dufferin Street, Toronto, Ont. 
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RADIOTRONS 


for modern 


A. C. OPERATION 


POWER AMPLIFIER RADIOTRON UX-171 
Filament—5 Volts—.5 Amperes 


Plate Voltage > А : C 90 135 180 Volts 
Negative Grid Bias . : 2 1614 21 401$ Volts 
Plate Current b 10 16 20 Milliamperes 
Plate Resistance (A.C. ) ‚ 2500 2200 2000 Ohms 
Mutual Conductance . . 1200 1360 1509  Micrombos 
Mn e Amplification Factor . 3.0 3.0 3.0 

ndistorted Output . . 130 330 7 Miliwatts 


К. F. & А.Е. AMPLIFIER RADIOTRON UX-226 
Filament (t C.) 1.5 Volts—1.03 Amperes 


Plate Voltage . Р 90 135 135 180 Volts 
Negative Grid Bias . : 6 12 9 „1312 Volts 

Plate Current : : 3.7 3 6 7.5  Milliamperes 
Plate Resistance (A.C.). 9409 10,000 7400 7000 Ohms 
Mutual Conductance . а 875 $20 1100 1170 Micromhos 


Voltage Amplification Factor 8.2 8.2 8.2 8.2 
Max. Undistorted Output . 20 60 70 120 Milliwatts 


DETECTOR RADIOTRON UY-227 
Heater ( A. С. 2 2.5 PAESE Amperes 


Plate Voltage $ : 45 90 Volts 

Grid Leak ` 2 2-9 44-1 Megohms 
Plate Current . " У А i 2 7 Milliamperes 
Plate Resistance (A.C. у. 4 è г Я 10,000 8000 Ohms 
Mutual Conductance . я И 800 1000 Micromhos 
Voltage Amplification Factor У А s 8 8 


FULL WAVE RECTIFIER RADIOTRON UX-280 


A.C. Filament Voltage . . р А Р А Я 5.0 Volts 

А.С. Filament Current . : : E Н 2.0 Amperes 
А.С. Plate Voltage (Max. per ' plate) à à А А 300 Volts 

D.C. Output Current (Maximum). ; А 125 Milliamperes 


Effective D.C. Output Voltage of typical Rectifier 
Circuit at full output current as applied to Filter 260 Volta 


HALF WAVE RECTIFIER RADIOTRON UX-281 


A.C. Fiiament Voltage . А " Е è Я ; 7.5 Volts 

A.C. Filament Current . 3 ; ; 1.25 Amperes 
A.C. Plate Voltage (Max. per plate) . К ў > 750 Volts 

D.C. Output Current (Maximum) А 110 Milliamperes 


Effective D.C. Output Voltage of typical Rectifier | 
Circuit at full output current as applied to Filter 620 Volts 


RADIO CORPORATION OF AMERICA 


New York Chicago San Francisco 
RCA~ Radi ОСОП 
MADE BY THE MAKERS THE RADIOLA 
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you want them 


WHEN 


you want them 


Thats the kind of service 
you will always get on M 


; Radio 


Transformers 


when you place your trust 
in Thordarson. There are no 
better custom made radio 
transformers for all uses 
than those made by Thor- 
darson—with ample manu- 
facturing facilities and well 
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known engineering skill be- 
hind them, plus 


PROMPT DELIVERY 
and 
RIGHT PRICES 


TART TUBAE 1771 [| | ANY тШ] UY} 


HORDARSON 


RADIO ak AN 
Wr Supreme in Musical Performance hy 
TRANSFORMERS 


THORDARSON, ELECTRIC MANUFACTURING CO. 


1895 
WORLDS OLDEST AND LARGEST EST EXCLUSIVE USIVE TRANSFORMER MAKERS 


Chicago, U S.A. ~ (3570) 
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Formica Parts for Many Purposes 


Formica is provided for all sorts of radio electrical and mechanical 
purposes in a great variety of shapes and sizes—punched, drilled and 
machined in a variety of ways. It combines excellent quality as an 
insulator for high or low frequency work, with mechanical strength, 
immunity to moisture, absorption and chemical inertness. 


THE FORMICA INSULATION COMPANY 
4646 Spring Grove Avenue, Cincinnati, Ohio 


Hear the Formica has a 
FORMICA Complete Service 
oe Tuesday 9 on Дошан Me- 
to 10 over te or Radio 
оо Made from Anhydrous Bakelite Manufacturers 
SHEETS TUBES  RODS 


(a re rn er ICD Wc a ы с ыс == == == = гыс a] 
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A New Standard of A-C Operation 
With Arcturus A-C Tubes 


The unique advantages which 
we claim for Arcturus A-C 
Tubes are directly traceable 
to unique features of con- 
struction and exceptional 
operating characteristics. 

~ The exceptionally long life 
of Arcturus Tubes is due to 
the enormous electron sup- 
ply, resulting from the heater 
operating at a low tempera- 
ture. 

The highly efficient cathode 
is responsible for the unusual 
sensitivity of Arcturus A-C. 
Tubes and for the exceptional 
volume and tone quality 
which their use insures. This 
cathode produces: 1. A high 
amplification factor (10.5). 2. 
A low plate impedence 
(9,000 ohms). 3. A high 
mutual conductance (1160 
micromhos). 

Since the base of the Arc- 
turus A-C Tube is of the 
standard four-prong type, no 
additional terminals are re- 
quired, making Arcturus 
Tubes adaptable to existing 
circuits with all the simplic- 
ity of D-C tubes. No center 
taps or balancing are re- 
quired. А common toy trans- 
former may be used. Fila- 
ment voltage is the same (15 
volts) for all types, detector, 
amplifier and power. 


"The freedom from hum 
which is one of the most im- 
portant features of Arcturus 
A-C Tubes, is due to the use 
of low А-С current, only 0.35 
ampere. Arcturus Tubes in 
all stages are four element 
tubes with indirectly heated 
cathodes. 

Normal variations in line 
voltage do not affect the 
operation of Arcturus A-C 
Tubes. The amplification 
factor is practically constant 
over a wide range of filament 
voltages—13.0 to 18.0 volts. 


ARCTURUS RADIO COMPANY, INC. 
255 Sherman Avenue, Newark, N. J. 
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А.С. radio receivers in the D.C. Districts? 
Certainly! with an “ESCO” dynamotor 


or motor-generator — 


The type R143 rotary converters аге 
suitable for phonographs with vacuum 
tube amplifiers such as the Orthophonic 
Victrolas and Brunswick Panatropes with- 
out radio receivers. No filters are re- 
quired. 


The dynamotors and motor generators 
are suitable for radio receivers and for 
combination instruments containing 
phonographs and receivers. Filters are 
usually required. The dynamotors and 
motor-generators with filters give as good 
| | or better results than are obtained from 

- ordinary 60-cycle lighting sockets. They 
Dynamotor with Filter for are furnished completely assembled and 
Radio Receivers connected and are very easily installed. 


"ESCO" two and three unit sets have become the accepted stand. 
ards for transmission. The “ESCO” line consists of over 700 
combinations. These are covered by Bulletin 237D. 


Our engineers are always willing to cooperate in the development 
of special sets. 


“ESCO” is the pioneer in designing, developing and producing Generators, 
Motor-Generators, Dynamotors and Rotary Converters 
for all Radio purposes. 


How can “ESCO” Serve You? 
qe ELECTRIC SPECIALTY COMPANY 
TRADE “ESCO”? MARK 
300 South Street Stamford, Conn. 
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Elongation Test 


Reactance est 


Determines the soft- 
ness of the wire. 
Checks the complete- 
ness and uniform- 
ity of the anneal- 
ing. 


“у 


Insulation 
Test 


Measures the dielectric 
strength of the enamel in- 
sulation by determining the 
voltage required to break it 
down. 


Mercury Bath Test 


ing against imperfections in 
the enamel insulation. 


—how would YOU 
lostiflT 


Regardless of how varied or severe your tests 
might be, Dudlo enameled wire has already been 
subjected to a series of scientific tests at the fac- 
tory, covering every physical or electrical charac- 
teristic required for any purpose. 


Besides the four tests illustrated here, a number 
of others regularly employed including the “Аре- 
ing" test to determine the ability of the enamel 
to stand up under heat over continued use—also 
the "Insolubility" test proving the qualities of the 
insulation to resist the effects of oil, water, varnish, 
еїс. 


Thus Dudlo protects the quality of your products 
by constantly maintaining the highest possible 
standard of its own. 


DUDLO 


DUDLO MANUFACTURING CORPORATION, FORT WAYNE, INDIANA 


56 Earl Street 
Newark, ЇЧ. J. 


160 North La Salle Street 
Chicago, Ill. St. 


4153 Bingham Ave. 
Louis, Mo. 


274 Brannan St. 
San Francisco, California 
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A positive method of detecting and guard- 


PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


The J. G. White 


Engineering Corporation 


Engineers—Constructors 


Builders of New York Radio 
Central 


Industrial, Steam Power, and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place New York 


QRV 
RADIO SERVICE, Inc. 


JOHN S. DUNHAM 
J. Е. B. MEACHAM 


Devoted to Servicing Broadcast 
Receivers Exclusively 


1400 BROADWAY, NEW YORK 
WISCONSIN 9780 


Need Trained Radio Men? 


Our Employment Department can sup- 
ply thoroughly trained, experienced 
Radio Mechanies, Salesmen, Assemblers, 
Repairmen, Operators, etc. 


No charge to employer or employee. If 
you need expert. Radio help. let us 
recommend some one from our list. 
Bulletin of avatla»le men sent upon 


request. 


National Radio Institute 
Dept. I.R.E., Washington, D. C. 


BRUNSON S. McCUTCHEN 
Consulting Radio Engineer 
17 State Street 


NEW YORK 


Electrical Testing 
Laboratories 


Electrical, Photometrical, 
Chemical and Mechanical 
Laboratories 


RADIO DEPARTMENT 
80th St., and East End Ave. 
New York, N. Y. 


J. E. JENKINS and S. E. ADAIR 
Engineers 


Broadcasting Equipment 
General Radio Telephone 


Engineering 


1500 N. DEARBORN PARKWAY 
CHICAGO, ILLINOIS 


Radio Fundamental Co. 
Hearst Square : 
Chicago 


Specializing in radio and allied prob- 
lems—both mathematical and practical. 


Analysis. Criticisms. Economical pro- 
duction. Expert designing. Radio 
power supply. Small and large tube de- 


sign. Also plant construction. Photo 
electric problems. Set design. Trans- 
lations. Patent problems. Cost sys- 
tems, etc. Write us іп confidence. 


John Minton I. G. Maloff 
JOHN MINTON, Ph.D. 


Consulting Engineer 
for 
Developing — Designing — 
Manufacturing 
of 


Radio Receivers, Amplifiers, Transform- 
ers, Rectifiers, Sound Recording and 
Reproducing Apparatus. 


Radio and Electro-Acoustical 
Laboratory 


8 Church St. White Plains, N. Y. 
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The new 
Kolster Radio Compass 


provides 


Greater Safety— 
Visual Bearings— | 
Simple, Positive Operation 


From its aluminum pedestal to the new 
enclosed loop, the new Kolster Radio 
Compass [Type AM-4490) embodies 
every improvement radio science has 
to offer. The insulated cylindrical 
housing of the loop affords complete 
protection against wind, ice, snow, and 
spray. А tiny lamp flashes the signals 
of nearby stations. While for long- 
distance bearings, a Kolster eight-tube 
receiver with a new circuit especially 
designed for radio compass work pro- 
vides the maximum of selectivity and 
sensitiveness. 


No knowledge of radio is necessary to 
operate the Kolster Radio Compass. It 
is builtfor the navigator. The positive 
unidirectional indicator gives instan- 
taneous readings without guesswork 
or computation. À new and improved 
Kolster automatic compensator corrects 
all natural errors, and makes direct 
readings absolutely accurate. 


Kolster Radio is also setting new standards of per- 
formance ín brose 


FEDERAL-BRANDES, INC. 
200 Mt. Pleasant Avenue 
Newark, N. J. 
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In the Sull of the Arctic Night 


IN THE STILL of the Arctic night, broken only by the 
occasional bark of a far-off walrus, the Radio Opera- 
tor cannot leave his ship, frozen into the ice pack, 
and run around the corner to the Radio Shack for a 
new filter condenser to replace the one that just blew 
out. | 

He has got to be sure when he starts that his 
equipment is not going to give out. 


That is why Cliff Himoe took TOBE Condensers 
with him on the Bowdoin for the MacMillan Arctic 
Expedition. 


Here is a Radio message just received from the 
boat: The TOBES are up to the mark! 


“YOUR FILTER CONDENSER STANDING UP 
WELL ON BOWDOIN’S TRANSMITTER, WITH 
NO SIGNS OF TROUBLE AT CONTINUOUS 
2000 VOLTS D.C. REGARDS FROM THE ARC- 


TIC." 
HIMOE WNP 


The University-of- Michigan-Greenland Expedition is also 
equipped with TOBE Condensers. 


Make sure that your Radio Power Equipment includes 
TOBE Condensers. TOBE Condensers cure condenser 
worries permanently and painlessly. 


Tobe Deutschmann Co. 


Cambridge :: Mass. 


When writing to advertisers mention of the Proceedings will be mutually helpful. 
XVI 


Farrand 


ELIMINATOR 


t 
“ 


» 


[ШШ 


Known Quatity 


When writing to advertisers mention of the Proceedings will be mutually helpful. 
XVII 


for better Radio Reception 


Irrespective of the receiving circuit employed, it can be materially 
improved by micrometric resistance, or simply specifying 


VOLUME CONTROL 


CLARC)STAT 


This device is compact, good looking, inex- 


pensive and handy. It is becoming most popu- ШЇЇ ТИЙ 
lar іп -manufactured, custom-built and home- | 
made radio sets as a volume control and as a ) | 


plate voltage control for r.f. and detector Ub tithe stent 

tubes. It may be applied as a loud-speaker 
control. It serves to match transformers for 
best tone quality. It can be used as a tone 
control in conjunction with a fixed condenser. 
It is an ideal micrometric control of regenera- 
tion particularly on short waves. 


VOLUME CONTROLS ofl 


The Volume Control Clarostat has a resist- || С1АВО$ТАТ@ | 


ance range of practically zero to 500,000 ohms 
in several turns of the knob. It has ample 
current-carrying capacity for receiver applica- 
tions. It is silent in operation. One-hole 
mounting. Convenient terminals. Absolutely 
dependable. And only $1.50. 


Of course you must continue to specify the Standard Claro- 
stat for B-eliminator applications, the Heavy-Duty Claro- 
stat for line-voltage control, and the Power Clarostat for 
heavy-duty B-power units, A-B-C radio power units, elec- 
trified sets, and other applications. 


There’s a Clarostat for every purpose. Make sure, however, 
you specify and get genuine Clarostats, with the name 
CLAROSTAT stamped on the shell. Don’t jeopardize your 
engineering and production by utilizing questionable те- 
sistors! 


Write us for data on all types and ranges of Claro- 
stats, and place your resistance problems up to us. 


AMERICAN MECHANICAL LABORATORIES, INC. 
рем т Specialists in Variable Resistors 
285 N. Sixth St., BRookKLvN, N. Y. 


— LAROSTAT — 
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Crescent Lavite 


is the pioneer resistance and 
still in the van. Economical in 
size but gluttons for punish- 
ment 


Used by U. S. Government, 
General Electric Co., Bell 
Telephone Laboratories, West- 
inghouse Electric and Manu- 
facturing Co., and ninety 
broadcast stations. 


Write for data which will be 
supplied on request. 


Cresradio Corporation 


166-32 Jamaica Ave., Jamaica, N. Y. 
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+ RADIO PARTS * 


Hidden parts oí delicate construction—heart of 
the radio. How truly present-day "music of the 
spheres" depends on mechanical exactness for 
proper reception! Scovill accuracy in fabrication 
and capacity for large-scale production bring radio 
manufacturers to us as a matter of course. 


Scovill is the name of a broad service to industry. It places acres of 
factories, forests of machinery, hosts of skilled workmen, metallurgists, 
modern labaratories and trained representatives at the disposal of those 
who require parts or finished products of metal. Why not see how 
Scovill can serve you? Call our nearest office. 


THESE ARE SCOVILL PRODUCTS 


Made to Order: Condensers, Variable and Variable Vernier and parts 
for same, Metal Stampings, Screw Machine Products, Switches, Decorated 
Metal Radio Panels, Parts from Brass, Steel and Aluminum. Carried п 
Stock: Butts and Hinges, Continuous Hinges, Machine Screws. Brass 
Mill Products: Sheet, rod, wire, tubing. 


SCOVILL MANUFACTURING COMPANY 
Waterbury Connecticut 


New York, Boston, Chicago, Providence, Philadelphia, Cleveland, 
San Francisco, Los Angeles, Atlanta, Cincinnati, Detroit 


Member, Copper and Brass Research, Association 


На 
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Greater Efficiency 


and Economy 
in 


“B” Eliminator 
Resistances 


HE new Centralab 4th Terminal Potentiometers have two 

variable contact arms on each unit. Two of these units in 
series will provide complete voltage regulation for any “B” 
power supply without additional fixed resistors or variables. 
One additional unit will provide two “С” bias taps when de- 
sired. The economy is apparent in that there are fewer units 
to buy, and less assembly time to mount them on the panel. 


Centralab 4th Terminal Potentiometers are wire wound on a 
frame of metal and asbestos. They will safely dissipate in ex- 
cess of 30 watts without break down. This high current . 
carrying capacity makes possible a low total resistance across 
the “B” supply, giving much better voltage regulation than 
the high resistances normally used, and sufficient current load 
on open circuit to substantially lessen the danger of conden- 
ser break down. 


Fourth Terminal Potentiometers are wire wound in resis- 
tance values up to 6000 ohms. The diameter is 2”, depth 34”. 
They are recommended as the best and most economical of 
available “B” power voltage controls. 

Where smaller units must be used because of small panel 
space, there are other Centralab wire wound potentiometers 
with diameters of 1%” and 13$" respectively that can be 
furnished in resistances up to 20,000 ohms, and variable high 
resistances up to 500,000 ohms. 


Complete information and circuit data 
will be gladly mailed to those interested. 


Central Radio Laboratories 
16 Keefe Avenue, Milwaukee, Wisconsin 


———Centralab——_ 
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New Instruments for 


A. C. Operation 


T°? meet the new need, Weston has developed the Model 
528 A.C. instruments—small, compact and portable— 
for testing A.C. operated radio sets. 


These instruments represent a distinct achievement in high- 
grade, small A.C. meter design and construction. They — 
are responsive and excellently damped, may be used con- 
tinuously at full scale reading, have open scales and are 
accurate on any commercial frequency. They are made as 
Voltmeters and Ammeters, the former having an excep- 
tionally high internal resistance, self-contained in double 
ranges up to 600 volts. 


So that they may be readily distinguished from Model 489, 
their companion D.C. instruments, these new A.C. Port- 
ables have red and black mottled bakelite cases instead of 
the plain black. 


Circular J, a very complete little catalogue covering the en- 
tire line of Weston Radio Instruments, will be mailed 
upon request. Everyone interested in radio will find it a 
valuable reference. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
73 Weston Ave. Newark, N. J. 
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(Fill in and mail to the Institute of Radio Engineers, 
37 West 39th Street, New York, N. Y.) 


To the Committee on War Memorial 
for American Engineers: 


The undersigned, a member of the Institute of Radio 
Engineers, encloses herewith a donation to the fund for 
the creation of a war memorial to American Engineers 
who gave their lives in service out of this country during 


the World War. 
(Name) 
(City) 


(State) 


The following members of the Institute of Radio Engi- 
neers are known to have given their lives in service out- 
side this country during the war: | 


Name Died at 
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Service 


to 


Manufacturers 
$ 


ILLIONS of Fast condensers 
are in daily use in radio sets 
made by leading set manufacturers. 
They offer conclusive proof as to 
their extraordinarily high insula- 
tion resistance and excellent elec- 
trical characteristics. Special one- 
piece die-press steel housing seals 
and protects them permanently 
from climatic conditions or abuse. 
Built for endurance, long life and 
reliability. 


Manufacturers looking for a de- 
pendable source of supply will find 
here one of the largest organiza- 
tions of its kind in the world. 
Specialization keeps our costs low 
and quality high. 


Send us your specifications. We 
make everything in the condenser 
line. 


Established 1919 
3982 BARRY AVE., Dept. I.R.E., CHICAGO, ILL. 
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Perfect Resistors 


for B-Eliminator Manufacturers 


Bradleyohm-E 


Because of its unusually wide 
range and accuracy of control, 
the Bradleyohm-Eisextensive- 
ly used by B-eliminator manu- 
facturers. The resistance of the 
scientifically-treated discs is 
not affected by use or atmos- 
pheric conditions. It does not 
vary in service. When once the 
correct value is selected, it re- 
mains fixed. 


BradleyunitA | В 


PERFECT FIXED RESISTOR 


Де 


This molded resistor is baked 


it-B 


PERFECT FIXED RESISTOR 


under high pressure, and then 
accurately calibrated. Brad!ey- 
units are guaranteed to be 
accurate within 5% of their 
ratings. Unaffected by temper- 
ature, moisture or age. 


Hasthecharacteris- 
tics of Bradleyunit- 
A, but is made especially for 
manufacturers, Made in an ex- 
tremely wide range of accurate- 


ж ly calibrated resistance values. 


Write for data and prices 


ALLEN-BRADLEY COMPANY 
282 Greenfield Avenue, Milwaukee, Wisconsin 


-Bradley 


PERFECT RADIO RESISTORS 
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It's not the bottle but the kind of | 
juice that counts. 


Usine a UX-199 tube as an oscil- 
lator with Eveready No. 770 Heavy- 
Duty "B" Batteries for plate power, 
H. A. Mackley, 9 LF, Peoria, Ill., 
has done some remarkable work. 
"Daylight communication has been 
held with the 5th and 6th District, 
New Mexico and California, on the 
south and west," he says, “апа with 
the Ist and 3rd on the east." In 
this and in more severe tests, the 
770's "stood up exceptionally well 
and the curve was very flat the first 
200 hours' use. I heartily recom- 
mend Eveready batteries, especially 
the 770 and the Layerbilt, for ama- 


teur use on up to 5-watt tubes. If 


some of the amateurs would try to : 
perfect their apparatus instead of 
crowding some of the 50-watt bot- 
tles to the limit, they would get re- 
markable distance with a 201-A or 
a 5-watter.” Eveready "B" Bat- 
teries produce pure DC only, which. 
is why they are the preferred source 
of plate power not only for short 
wave work, but also for BCL 
receivers. 


NATIONAL CARBON CO., Inc. 


New York San Francisco 
Unit of Union Carbide and Carbon Corporation 


Tuesday night is Eveready Hour Night— 
9 Р. M., Eastern Standard Time, through 
the WEAF network. 


Radio Batteries 


-they last longer 


When writing to advertisers mention of the Proceedings will be mutually helpful. 


IMPEDANCE BRIDGE 


TYPE 193—DECADE BRIDGE 


A Wheatstone Bridge using the dial-decade design. 


For measurement of direct current resistance and alter- 
nating Current resistance, inductance and capacitance at 
commercial and audio frequencies. 


The third resistance can be switched into either the un- 
known or the standard arm for inductance and capaci- 
tance measurements. | 


Described in Bulletin 4050-1. 
Price $115.00 


General Radio Company, Thirty State St., Cambridge, Мам. 
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Stanford University Libraries 
Stanford, California 


Return this book on or before date due. 


